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ECONOMICS IN THE COURSE IN MATHEMATICS FROM 
THE STANDPOINT OF THE HIGH SCHOOL.’ 


By FRANK O. HESTER, 
Lane Technical High School, Chicago. 


The correction of the direct waste in high school mathematics 
is largely a matter of eliminating entirely from the high school 
course, or postponing to a later period, even at the sacrifice of 
strict logic, those topics and those aspects of topics which ex- 
perience has shown to not justify the time spent upon them. 
We all know there are such topics but what they all are we are 
not quite agreed. We all recognize, for example, the necessity 
of an incommensurable case, and the theory of the limit of a 
variable in certain mensuration theorems of geometry. We 
recognize that a pupil cannot have a thorough grasp of the 
theorems depending on these principles until he has a grasp 
of this aspect of them, but most of us Have learned by experience 
that the time spent in trying to teach this aspect of them is 
largely wasted. A few of the brightest minds are interested and 
stimulated. The large majority are puzzled and mystified, and 
after the sound of the teacher’s voice has ceased are just where 
they were before. Consequently, most of us, after a brief tenta- 
tive explanation, tell our pupils that we will assume the incom- 
mensurable cases of these theorems. If any adherent of strict 
logical procedure objects, we may reply that we already assume 
a great many things. that if we were to halt at the parallel line 
axiom, for instance, until everyone understands all its implica- 
tions and consequences, we should be obliged to attempt to lead 
our fifteen-year-old pupils along the divergent paths of the 
Euclidean and the non-Euclidean geometries, a proceeding so 
obviously absurd that I presume no one has ever attempted it. 

In the past ten years there has been in parts of Europe and 
in America a vigorous movement looking toward reform in 
mathematical teaching. No one seems to have been satisfied 


1From a paper read before the mathematics section of the Twenty-fifth Educa- 
tional Conference of the Academies and High Schools in Relations with the Uni- 
versity of Chicago, University of Chicago, Apr. 18, 1913. 
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with the results of this teaching, and educational leaders outside 
mathematicians and mathematics teachers have been very 
“The most formal of all subjects 
The re- 


of 
much dissatisfied with it. 
taught im the school is algebra,” says Dr. Stanley Hall. 
form movement has been led by Professor Klein in Germany, 
by Professor Perry in England, and in the United States has 
given as its latest result the report of the Committee of Fifteen 
on the Teaching of Geometry. The causes of the discontent, not 
only with what we were accomplishing but also with what we 
were trying to accomplish, are doubtless many, but two may be 
mentioned as prominent. First, the general attack upon the doc- 
trine of formal discipline, and, second, the rapid increase of 
industrial and practical education in the elementary and secondary 
schools. This discontent has been an expression of a feeling 
that mathematics in the mind of the pupil should be brought 
into closer relation to life, that it should interpret to him real 
situations which his mind can grasp, thereby becoming more of 
a living thing. We cannot get very far into the use of mathe- 
matics as an instrument for the expression of mathematical 
thought without acquiring first a certain amount of technique. 

The question then is, how can we economize time in the mas- 
tery of technique in order to enlarge as much as possible on the 
content. The present course in mathematics in most high schools 
is similar to our course in Chicago and is made up as follows: 
First year, algebra; second year, plane geometry; third year, 
half a year of a second course in algebra, followed by a half 
year of solid geometry; fourth year, trigonometry, elective in 
ordinary high schools and required in technical high schools; 
and, lastly, college algebra, elective. If we compare this course 
with the course pursued in the same subjects in Germany and 
France, we are struck by this difference: Here we keep these 
subjects rigidly separate. During the first year the schoolboy 
learns nothing of geometry; during his second year he manages 
to forget most of his algebra while he is learning his geometry 
which he in turn drops for half a year while he resumes his 
algebra. In Germany and also in France, the practice is to 
carry two, sometimes three, of the subjects of secondary mathe- 
matics abreast. In fact, Russell in his German Higher Schools 
says that some teachers even divide the time of each recitation, 
giving half the hour to geometry and half to algebra. In regard 
to French secondary schools Farrington says: “Throughout the 
mathematics course one is impressed with the intimate relations 
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existing among the various subjects. Arithmetic is not carried 
to a certain point there to give way to algebra, and in its turn 
to be supplanted by geometry, but from the fifth form in one 
division, and from the fourth in another, at least two subjects 
are run conjointly. Some of the difficulties of algebra are thus 
already discounted by the elementary notions of the unknown 
quantity that have previously been encountered in arithmetic. 
The result is that mathematics work appears as a single unified 
subject with several facets rather than as so many discrete studies 
of the schodl curriculum.” 

[ believe in our own schools we could accomplish a great deal 
in the saving of waste time and effort if we could at least use 
two hours out of five per week during the first year for geometry 
and two hours out of five during the second year for algebra. 
The advantages of this plan consist first, in that the pupil is not 
allowed to forget the greater part of what he has learned in one 
subject while he is pursuing the next; secondly, it would enable 
the teacher to make a much more effective use of the mutual rela- 
tions of algebra and geometry. I am aware that this plan has 
its difficulties, for I have seen it tried in a small high school. 
In the beginning it requires more alertness and drive on the part 
of the teacher to compensate for the lessened concentration and 
the less frequent recitation on the part of the student on the 
same subject, but I believe the advantages more than outweigh 
the drawbacks. As knowledge accumulates, given of course the 
alert and enthusiastic teacher, cross references of the subjects 
multiply, and many of the lessons in geometry through their 
algebraic implications become likewise lessons in algebra and 
vice versa. 

There is in this plan, too, the added advantage, which is per- 
haps the chief one, that in spreading each subject over a greater 
period of time in the pupil’s life opportunity is given to bring 
forward the more difficult portions as maturity develops and 
habits of thought are formed. If the practice of other countries 
has any lessons to teach us on this matter it may be said that 
in Germany the study of geometry, plane and solid, is spread 
over six or seven years, sometimes two hours per week, some- 
times three hours per week, while algebra finds a place in the 
programme for two or three hours per week for five or six 
years. In the French secondary schools the plan is much the 
same. Algebra may be said to begin with literal notation in 
arithmetic in the sixth form, and geometry begins in the fifth 
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form. Thence both subjects find a place in the programme 
throughout the remaining forms of the secondary course. 

It seems fitting that something should be said here concerning 
the present organization of our American high school which takes 
in pupils at the age of fourteen and graduates them four years 
later. I believe that one of the greatest economies of time and 
effort would be achieved, particularly as regards mathematics, 
if the study of algebra and geometry could be begun in the hands 
of teachers trained for high school work one year earlier than at 
present. It seems to be agreed that there is a large amount of 
waste occurring in the present transition of pupils from the ele- 
mentary school to the high school, that there is a large amount 
of working time in arithmetic. As a matter of belief of many 
teachers who have studied the situation, degrees should be begun 
and should grow gradually through the later stages of arithmetic. 
The laws of algebra and the method of algebraic manipulation 
should grow out of and be illustrated by the similar laws of 
dealing with arithmetic numbers. We should have the one 
merging gradually into the other instead of the sharp break which 
we have at present. 

But taking things as they are, with our present organization of 
elementary and high schools, and with our present course of 
study is it possible to effect a saving of time and an increase in 
efficiency? I think so. Consider the matter of first year algebra. 
I believe there is a great deal of waste when we take the strictly 
logical method of approach. Why should we expect a rigid 
demonstration or even give an exhaustive explanation of the 
commutative, the associative, and the distributive laws or like 
fundamental principles? It is safe to say that the time spent 
in this effort at this stage is wasted; that the explanation of these 
things by their analogy to the work with arithmetical number 
is all that can be expected or all that is necessary. In fact, | 
think that the demonstration attitude in teaching high school 
algebra and especially in the first year’s course is a mistake. A 
demonstration depends first of all upon definite definitions and 
these definite definitions are not possible at first but are what 
we arrive at gradually after a period of observing the behavior 
of our algebraic ideas as they work together. Let us get as clear 
an understanding of fundamental principles as possible, let us 
work gradually toward the habit of questioning and demonstrat- 
ing, but let us above all, try to understand what is possible with 
the average fourteen-year-old boy or girl and not waste time 
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with those things which experience has told us do not catch hold. 

The amount of time to be spent in drill on the manipulation 
of algebraic processes is difficult to determine. There are teach- 
ers who think that most of the time of the first year should be 
so spent. Some text-books are given up largely to drill exercises 
and to artificial problems which are formed to fit certain algebraic 
equations. A certain amount of this drill and a certain amount 
of sheer memorizing of algebraic forms, and facility in manipulat- 
ing them is necessary. How much time should be given to pure 
drill on technique and how much technique can be best obtained m 
analyzing situations and solving problems which are natural and 
interesting algebraic content is a question which cannot be en- 
tirely answered here. I think, however, some things may be said. 
I think, for instance, we might cut out much of the time spent 
on long divéfsion, and if, with fourteen-year-old boys, all long 
diversion problems with more than four terms in the dividend 
were omitted there would be no loss in the knowledge of algebra 
needed for some time to come. We usually devote a large amount 
of time to factoring. Would it not be possible to reduce the num- 
ber of type forms taught in the first year? I would venture to 
suggest the following as a sufficient list of such forms for this 
course: The trinomial square, the quadratic trinomial in the two 
forms #°+ba-+c and ax*+bx+c, the difference of two squares, 
the sum and the difference of two cubes, expressions whose terms 
may be grouped to show a common factor, and expressions which 
when grouped become the difference of two squares, the latter 
two forms to be restricted to expressions of not to exceed four 
terms. 

[I am also of the opinion, an opinion formed from experience 
with a good many high school boys, that our text books in 
first year algebra still attempt to cover too many topics. I think 
the subject of surds except in the simplest cases, and all treat- 
ment of simultaneous quadratics might with true economy be left 
for the second course, which under our present arrangement 
comes two years later. To attempt to give in one year a com- 
prehensive survey of algebra to the end of quadratic equations 
means that applications are crowded out and even form is lost, 
because there is too little that is concrete in the pupil’s mind to 
which he may tie his abstract knowledge. Instead I would sug- 
gest the solving of a great many problems in equations of one 
and two unknowns, the translation into algebraic form of quantita- 
tive statements and the translation into ordinary statements of 
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algebraic forms, in short, training in facility in the use of the 
language of mathematics to express thought. Even in the ab- 
sence of a specified course in geometry, I think the work would 
gain in economy if the simpler properties of rectilinear figures 
and circles were taught, not by means of demonstration, but 
experimentally, and these properties made the subject matter of 
algebraic questions such, for example, as are found in Prof. 
Myers’ little book, Geometric Problems for Algebraic Solution. 

In speaking of the teaching of geometry and the economies 
which may be effected there I find myself somewhat embarrassed 
by the fact that the ground has been cut from beneath my feet 
by the report of the National Committee on Geometry Syllabus. 
In fact, that report covers the subject of economy in the teach- 
ing of geometry so completely that one must necessarily follow 
in its trail if he is to say anything at all. I think attention should 
be called especially to the prominent feature of this report in 
which theorems are divided into a number of groups, each group 
centering about one or two keytheorems, other theorems being 
placed in subordinate positions. I do not like to quote from this 
report for I presume it is in the possession of each one of you, 
but there is one sentence which should be constantly present in 
every teacher’s. mind. It is this: “It is a fundamental char- 
acteristic of the mind from which there is no escape that any 
clear impression of a vast field must have exactly such distinc- 
tions in emphasis as are here outlined for geometry.” 

The beginnings of geometry are as a rule difficult if we are 
too insistent on a rigidly scientific foundation. Ability to carry 
through a rigid demonstration and to appreciate its necessity is a 
thing of growth, and we should be content to allow it to grow 
without forcing. If we would consider that the object of the 
first work is the gathering of definite ideas of geometric figures, 
proved in some cases tentatively and experimentally, and in a 
larger number of propositions than is usually the case assumed 
without proof, we would make a decided gain in time saved with- 
out in the long run any loss in soundness of knowledge or power 
of thought. We would be able to bring our geometry more into 
the field of applied mathematics as well as into closer relation to 
algebra, if about the time similar triangles are taken up we should 
make the beginnings of trigonometry, which might be carried in 
the second year through the solution of the right friangle. 

All this is intended to prepare the way for the use of mathe- 
matics in the solution of problems of interesting content, prob- 
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lems in surveying, in mechanics, in the parallelogram of forces, 


and for its use as a language for the expression of ideas which 
are real to the young person of high school age. I believe that 
through such change of emphasis from the strictly logical formal 
features, to the psychological, applied features there is real 


economy because more of the effort which is put into our teaching 


will result in effective knowledge. 


FREE TO TEACHERS. 


Any teacher, upon request, will receive without expense a copy 
of a new booklet, “Jack.” This little story, copyrighted by Dr. 
Charles A. Coulomb, Ph. D., contains interesting and helpful sugges- 
tions on class drill in the use of a dictionary. Why not make use 
“Jack’s” experience to teach your pupils the advantages of early 


of 
Address the publishers, G. & C. Mer- 


forming the dictionary habit? 
riam Co., Springfield, Mass. 


TERMS OF SALE PREVENT TIMBER MONOPOLY. 


In a sale of fifty million feet of national forest timber to the Mount 
Graham Lumber Company, of Thatcher, Arizona, a contract has been en- 
tered into which, Forester Graves says, contains effective safeguards 
against possible monopoly. The timber is located on the Mount Graham 
Division of the Crook National Forest and flumes will be constructed 
by the company for taking the lumber from the mountain into Gila Valley. 
Under the terms of the sale these flumes, which will form an outlet for 
the Mount Graham Range timber generally, are to be available for the 
use of the Government or of any other purchasers from the government. 

The timber contracted for consists chiefly of Douglas fir and Engelmann 
spruce, with small quantities of western yellow pine, white fir, and Mexican 
white pine. The initial price of $2 per thousand feet board measure is 
subject to readjustment in accordance with market values at the end 
of three years, the contract period extending over six years. 

A feature of the sale is the fact that’the lumber will be used solely 
to supply the needs of the local market, which consists in part of the 
agricultural districts developed along the Gila River, but chiefly of the 
large copper mines at Globe, Clifton, and Morenci. This market has 
hitherto been supplied almost exclusively by lumber produced on the 
northern Pacific Coast, shipped by steamer to San Pedro, California, 
and thence inland over the Southern Pacific. 
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TO WHAT EXTENT SHALL OUR PRESENT TEACHING OF 
PHYSICS BE GUIDED BY VOCATIONAL WORK?’ 


By Puito F. HAMMOND, 


Palo Alto, California 


With the exception of the business colleges there are few real 
vocational schools in the west. The state universities and state 
colleges have several vocational courses; as law, engineering, 
agriculture, etc., and many high schools are giving courses which 
might well be called vocational ; viz, domestic science, argriculture 
and the commercial course. Manual training is sometimes called 
vocational, but the name is mis-appropriated. It is no more 
vocational than arithmetic or reading. If so, for what vocation 
is it intended to fit the student? 

Does our question mean to what extent shall our present teach- 
ing of physics be guided by these courses; i. e., commercial, 
domestic science, and agriculture? Physics is not usually con- 
sidered necessary to the commercial course, although some in 
that course take it from choice. There is nothing in physics that 
a girl in domestic science needs that any other girl does not need. 
In the case of agriculture, however, some special work might be 
advisable. This has never required my serious consideration 
since our students from that course have not yet reached the 
year in the course in which physics is given; and since there will 
be so few of these among so many from other courses, it would 
not seem advisable to make any radical changes for these alone. 

Or does our question mean to what extent shall our present 
teaching of physics be guided by the vocational work the student 
will follow in the future?. If so, surely it is worthy of our 
serious consideration. In all of our teaching we should not lose 
sight of this point. But if we try to make our work specific, 
how great are our limitations! Who dares decide what vocation 
his students will follow? Even if one could make such a decision, 
the number of vocations represented would be so large and so 
varied that any special plan of teaching to fit for a special voca- 
tion would be impossible. 

Some differentiation can be made here, however, when it is 
possible to put the girls and the boys into separate classes in 
order to emphasize parts of the physics which are more vital 
and more interesting to one or the other sex as the case may be. 








1 Read before the Science and Mathematics section of the Inland Empire Teachers 
Associations, at Spokane, April 18, 1913. 
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It is queer that some one has not outlined a course in physics 
for girls, which for lack of a better name we may call household 
physics, treating the principles of physics from the standpoint 
of their application to the home. Here is one place, at least, 
where physics as a high school subject may be made to conform 
to a vocation. 

Physics is a general subject. Surely no one would think of 
trying to teach physics from the standpoint of making it a voca- 
tion in any way. No subject comes closer to the lives of every 
individual than physics if it is properly taught. Vocational edu- 
cation is special. It is intended to give one means of earning 
a living. Physics cannot be applied in this way any more than 
the common branches. 

Physics should be an applied science—should always have been 
an applied science. And when [ say “applied,” I do not mean 
applied to something the student can use to earn a livelihood; 
but rather that physics should be taught in such a way that the 
student can and will apply the principles learned to things about 
him with which he comes in contact every day. 

How shall we make it an applied science? Teach the student 
in mechanics how to weigh wheat, and to run a machine? In 
heat to boil potatoes successfully? In electricity, to wire houses 
and to read meters? Some are advocating this sort of physics. 
They know that something is wrong. Physics seems to be im- 
practical. The student does not associate what. he learns in 
school with the outside world. There is a cry for a more prac- 
tical physics. And without a clear conception of the real difficulty 
many are advocating this as a means of remedy for the defects 
under the present conditions. 

Such a course as this might be of value to some students, yet 
they could spend much time with this sort of education without 
getting anything of much real practical value unless their voca- 
tions should happen to be such that they would be required to 
use the specific things which they had learned. Operators in 
power houses are taught to read the ammeter and the voltmeter 
and to multiply the two readings together and record the results 
together with the reading of the wattmeter without the slightest 
conception of the significance of their results. Such individuals 
may be faithful servants but they never can advance far beyond 
their present position. They have no initiative, they cannot 
solve new problems. Their earning power is limited. 
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Our physics teaching should be more comprehensive and cen 
more practical than such a course. We should teach principles, 
and in such a way that the student will have the ability to apply 
them to the things about him no matter what his walk in life 
may be. In order to do this in our teaching of physics, principles 
must be applied to the student’s everyday life and to his exper- 
iences or we will fail absolutely to even approach our aims. 

If such an application may be termed “vocational work” then 
our physics teaching should be entirely guided by vocational 
work. Queer as this application may seem, some educators are 
applying it in this way. I regret that such an application is made. 
I see no excuse for it unless it be to please the layman that he 
may be willing to bear a heavier tax to support new demands 
for more equipment and a larger teaching force. But by what- 
ever name we may call it, this movement as applied to physics, 
at least, is in the right direction. We must take care, however, 
that people who do not understand the real meaning of the 
movement do not destroy the structure we already have without 
giving us a better one. Let us displace the old by the new—not 
destroy the old. This cannot be done rapidly. It requires hard 
work and patience. There are many obstacles to overcome, such 
as inadequate laboratory equipment, conservatism on the part 
of school officials and supervisors, and lack of time or willingness 
on the part of teachers to shoulder the burden. 

What definite things can we do to accomplish this end? In 
the first place, physics should be a laboratory course. But, some 
one says, hasn’t physics always been a laboratory course? No, 
only partly so. Teachers of physics should have access to the 
laboratory for each class two periods a day five days in the week 
to be used as the teacher may deem best. In this way the labora- 
tory work may be used as a means of studying principles. For 
my part, I prefer to assign the work in the text, then do the 
laboratory work covering the work assigned before testing the 
students. This is a logical method which gives the laboratory 
work vitality, and makes the laboratory work and the class work 
a connected whole. It is the method used in manual training, 
domestic science and the biological sciences, and to some extent 
in chemistry, but as physics teachers we haven't been following 
it. We have used this method in part in Snohomish for the last 
two years and find that the interest in the work has increased 
at least fifty per cent. According to this pfan we have no set 
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laboratory days. We use our time for laboratory work and dis- 
cussion of the topics at the discretion of the teacher. The labora- 
tory is used as a means of studying principles, instead of working 
a given required number of exercises as is too often the case. 

The general quiz should be followed by a discussion of a list 
of questions similar to those in Mann and Twiss physics after 
which a list of problems should be worked. In this way the study 
of the principles is followed by a direct application of practical 
questions while the problems require the student to apply the 
principles mathematically: Thus the student is taught to apply 
what he has learned. 

The mathematical treatment of the principles of physics as 
given by most texts and as treated, I fear, by many teachers 
fails to give the practical value to the work that it should. The 
method of treating the mathematical part of physics by the use 
of formulae may be a good one for college physics, but it is a 
very poor method to use in high school work. If the student 
knows the principles he doesn’t need the formulae. The student 
should be required to think through the whole process that he may 
grasp fully the principles involved. 

In the early part of the child’s life he does his thinking about 
things which he sees, feels and handles. His experiences are 
made up of the things about him, and, to be sure, he learns con- 
siderable physics during the first few years of his life. It is 
not necessary to depart from his early method of learning. The 
principles underlying the experiences that the child already has 
when he enters the physics class cannot be covered in the work of 
one year. The problem of the teacher is to so utilize these ex- 
periences that the student may see the underlying principles and 
be able to apply them intelligently to other experiences. To do 
this the physics must be based upon the student’s everyday life, 
and if this can be done successfully there will be no question 
about the student using what he has acquired in the physics 
class. 

To this end the content of what we teach will have to be 
readjusted. There are some laboratory exercises which will have 
to give way to others which are more important. Principles 
must be studied. Laboratory exercises must involve principles 
which are important to the life of the individual. How shall 
we choose these experiments? That experiment is worth most 
which appeals most to the student, if it illustrates the principle 
for which it is intended. 
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Measuring the candle power of a lamp usually seems tedious 
and uninteresting to most students, yet the thirty-four students 
in my classes did this experiment almost entirely out of the 
regular periods without grumbling. Why? Because they are 
anticipating connecting this experiment with another in the fu- 
ture: viz, to test carbon and tungsten lamps to see which is 
more efficient. The anticipation of the practical part of this 
experiment put vitality into the work. It was something which 
was of interest to them. 

Some of the exercises which arouse interest are the following: 

Effect of salt upon boiling and freezing point of water. 

The use of a black and of a polished dish to find out which 
radiates heat more rapidly. This may be followed by questions as 
to the condition of color and polish best suited for water tanks, 
radiators, tea pots, etc. 

Test for efficiency of fireless cookers, refrigerators, kettles, 
electric stoves, electric water heaters, electric flat irons, electric 
motors, etc. 

Are these experiments interesting to the student? Try them 
and see. Do these experiments involve principles of physics? 
Let us examine some of them. Suppose we consider the one to 
test the efficiency of an electric flatiron. This involves the use of 
electric energy and of heat energy and the relation between the 
two. 

Again, take the problem of the electric lamp. By measuring 
the candle power of the lamp at 105 and 110 volts the student 
sees the effect of drop of voltage upon candle power. The exer- 
cise involves the principle of intensity of light. Also the power 
and work factors in electricity. 

Some may say these are engineering problems. Perhaps they 
are, but they illustrate principles of physics, they are more inter- 
esting to the student than some of the old type of exercises, 
and have, therefore, a greater educational value. Not only that, 
but they show to the student the practical uses to which his 
knowledge may be applied. He, therefore, sees something worth 
while in the study of physics. To make the work more real, 
commercial forms of apparatus should be used so far as possible. 

I have enumerated only a few of the many such exercises 
that may be introduced. More will suggest themselves to the 
teacher as he works along this line. 

Do not understand me to mean that all of the old type of 
exercises should be discarded. Exercises are intended to illus- 
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trate and to study principles. They should not be discarded, but 
should be displaced by others, which have a more practical bear- 
ing upon the life of the student, as soon as such exercises can be 
found which illustrate the principles involved. 

The value of all exercises should be made to stand this test: 
Does it illustrate the principle for which it is intended? Is it of 
such a nature as to create interest? Does it have any relation 
to the life of the student? 

There are some exercises which have a very questionable value 
to the student. “To find the coefficient of expansion of a metal 
rod” is one of these. What does a student learn from such an 
experiment? The coefficient of expansion of a certain metal? 
He may get that from tables. That a rod expands when heated? 
He already knows that. How to manipulate the apparatus? 
Yes, but that is a very poor excuse for working any exercise. 
What valid excuse then has this exercise among the required 
exercises in a high school course? This exercise may perhaps 
be of value if put in the form suggested by Dr. Osborn of the 
University of Washington and as given in Wauchope’s Labora- 
tory Manual: viz, “How much does an iron bridge 100 feet long 
change in length if the range of temperature is from+40°C in 
summer to —40°C in winter?” The student is required to de- 
termine the coefficient of expansion of iron before he can answer 
the question. I have never tried this scheme and cannot say 
what its benefits are although it seems to be a good one. 

The study of expansion should not be neglected. It has many 
important relations to life. Some exercises which will appeal to 
the student more than the one given, and which will bring out the 
more important uses to which this principle may be applied 
should be devised to illustrate this important principle. 

I have put forth briefly and in part my plans for adjusting 
the teaching of physics so as to bring it closer to the lives of 
the students. I have been carrying out these plans in my work 
as fast as conditions would permit. The results have been very 
encouraging and are worth the energy and trouble that it takes. 
Let me say, however, that this change requires skill. I am fully 
convinced of the necessity of broad preparation on the part of 
the teacher. The unexperienced and unprepared teacher is al- 
most sure to follow some fixed outline or some text book. 

I am also convinced that if we can make our physics what it 
should be that college authorities will welcome the change. I 
know that the head of the Department of Physics of the Univer- 
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sity of Washington favors such a plan, and I am sure the same 
is true of other institutions. But we must be masters of the 
situation. No poorly planned, half-done, work will do. 

To summarize: : 

High school physics should be a study of the applications of 
principles,of the phenomena of nature applied to the things with 
which the child comes in contact every day. 

The study of these principles should be connected with the 
child’s own experiences in such a way as to make them real and 
vital. 

Laboratory exercises should be so chosen as to bring out the 
practical applications of the principles involved. 

Physics is not strictly a vocational course, but has an interest- 
ing and important relation to the life of every child and should 


be so taught. 


WHITE SASSAFRAS. 


Every country boy knows the sassafras and apparently some country 
boys know the plant better than the botanists do; at least, in some parts 
of our country, they have made a distinction between two forms of this 
plant which the botanists have rarely recognized. The more common 
form is sometimes called red sassafras and is the one bearing the scientific 
name Sassafras veriifolium or S. officinalis. The less familiar form is 
known as white sassafras and has recently been listed in our flora as S. 
variifolium var. albidum. The white sassafras is a more glaucous plant 
than the common form and the roots are reported to possess more of the 
pungent property so characteristic of this species. It is said that the moun- 
taineers of the Carolinas have always recognized the difference and in- 
variably select the white form when digging the roots for the well known 
spring tonic, sassafras tea. Nuttall regarded this plant as a separate 
species, but it is now believed to be a mere form of the common sassafras.— 
American Botanist. 


THE ANCIENT ARCTIC FLORA. 


Most people are familiar with the fact that coal is found at many places 
in both the Arctic and Antarctic regions which would seem to indicate 
pretty clearly that at some earlier period the climate in such regions was 
much milder than at present, since coal is formed of the remains of plants 
and plants cannot thrive in these icebound regions at present. Some 
geologists have attempted to show that the plants which formed this coal 
did not grow in the region but were carried to their present resting place 
by some large river or by ocean currents. This theory seems utterly 
untenable, however, for in many places the fossil coal plants are still 
rooted in the mud as in life. Many of the plants are so well preserved 
that the genus, and even the species, can be determined. Among the plant 
remains found in Spitzbergen are included species of redwood, cypress, 
maple, poplar, willow, alder, birch, hornbeam, hazel, beech, oak, elm, 
plane, magnolia, basswood, walnut, hickory and ash, as well as many her- 
baceous plants —American Botanist. 
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COLLOIDS. 


By Harry N. Hortmes, Pua. D., 
Earlham College, Richmond, Ind. 


(Continued from November Number.) 
ADSORPTION. 


Adsorption is a phenomenon shown by substances having a 
large surface, notably the colloidal gels, of condensing gases or 
dissolved substances upon themselves. Wood charcoal has long 
been used to adsorb odors because of its highly porous struc- 
ture and animal charcoal is one of the best filtering mediums for 
removing colors from sugar solutions. Fuller’s earth also pos- 
sesses enormous surface and is a splendid filter medium useful 
in the purification of oils. The humus of soils, a true colloid, 
adsorbs fertilizing salts and in similar manner retains moisture. 
But for this property of colloids there would be little success- 
ful farming. 

Colloidal gels can adsorb ions, sometimes showing a preference 
for a particular ion leaving the solution positive or negative as 
the case may be. Other colloids may be adsorbed forming in- 
soluble bodies which are not, however, new chemical compounds. 
The use of aluminium hydroxide as a mordant in dyeing fabrics 
is an illustration. The colloidal gel, aluminium hydroxide, forms 
an adsorption compound with the fibre, itself a gel, and this in- 
soluble body in turn adsorbs the dye with formation of a fast 
color. lodo-starch is not a chemical compound of definite com- 
position but merely an adsorption body. 

Selective adsorption is based on the different rates of adsorp- 
tion of substances present in a solution by some gel, filter paper 
for instance. If a long strip of filter paper is hung with one 
end dipping in a solution of picric acid and turmeric the strip 
will be stained yellow but when exposed to ammonia only the 
lower part turns brown, showing that the turmeric has not risen 
as far as the yellow picric acid. This capillary analysis is often 
used to detect the presence of coloring matter in commercial 
products. Adsorption is of special importance in colloid study 


because of the very great surfaces of the disperse phase. 
APPLICATIONS. 


The principles just stated find frequent application in qualita- 
tive analysis, where the constant aim is to avoid the colloidal 
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condition. Many insoluble compounds, particularly the sulphides, 
have a marked tendency to form colloids especially in the absence 
of electrolytes and of course these run through the filters. Nickel 
sulphide is a conspicuous offender in this respect and is frequent- 
ly found in the filtrate from the ammonium sulphide precipita- 
tion. In such cases the filtrate is brown. Addition of acetic acid 
and boiling will coagulate the sol into a gel which can be filtered 
as usual. To secure complete precipitation the analyst adds 
plenty of some harmless electrolyte such as ammonium nitrate or 
chloride. If pure water is used to wash precipitates some of the 
insoluble substances pass into the sol condition and are lost so it 
is best to have some harmless ions in the wash water—ammonium 
nitrate furnishes them. In quantitative analysis silver chloride 
precipitates should be washed with water containing a little 
nitric acid, aluminium hydroxide with ammonium nitrate solution, 
etc. The adsorption of barium chloride from solution by freshly 
precipitated barium sulphate is another colloidal phenomenon to 
be avoided by certain precautions. Photography depends abso- 
lutely upon such colloid principles as protective action of gela- 
tine and easy diffusion of crystalloids through hydrogels. Silver 
bromide is formed in a gelatin solution but the first minute par- 
ticles are at once covered with a film of gelatin which, in accord- 
ance with the principle that gels do not diffuse in each other, 
prevents the growth of large silver bromide aggregates. With 
rise in temperature, however, this is permitted to a degree and 
the commercial practice in plate making is to allow the film to 
ripen in a warm room until the particles of silver bromide have 
grown to a size found by experiment to be most sensitive to light. 
Then the film is cooled and no further change takes place. After 
exposure of the image plate the subsequent development and 
fixing depend upon the easy diffusion of crystalloids through the 
gelatin film. 

Medical science is inseparably linked to colloidal chemistry. 
When it is considered that most of the tissues of the human 
body are of colloidal material, that the stomach, intestines, blad- 
der, etc., are colloidal membranes, that nearly all the food we 
eat is colloidal, that the growth of cells depends upon diffusion 
through semi-permeable ‘cell walls it seems safe to predict that 
before long a knowledge of colloids will be considered funda- 
mental to the study of medicine. The process of digestion has 
in the main to do with coagulation, emulsification, protective col- 
loids, adsorption compounds, diffusion through colloid mem- 
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branes and similar matters already dealt with in this paper. For 
instance the coagulation or curdling of milk is retarded by the 
protective action of lactalbumen on the casein. Failure to digest 
milk properly may be due to conditions, abnormal of course, af- 
fecting the normal physical condition of the curd as formed by 
rennin and acid. In such cases it is possible that the addition of 
a little gelatine, one of the best protective colloids known, may 
improve this defective physical condition of the curd so that di- 
gestion is facilitated. Colloidal therapeutic preparations are now 
on the market but the possibilities in this line are not to be 
gauged by the success or failure of the few now being tested. 
Metal sols, usually in combination with a protective colloid, are 
among these. Collargol is a silver preparation, Collaurine a gold 
colloid. Some of these are tried in the treatment of skin dis- 
eases, copper in the treatment of cancer. 

It is interesting in this connection to note that bacteria act very 
much like colloids. They answer rather closely to the disperse 
phase and may be agglutinated by certain serums. Furthermore 
they move under the influence of an electric current of sufficient 
voltage like most small suspended particles. Their removal from 
water by sand filters is an adsorption phenomenon for the bac- 
teria are much smaller than the spaces between the grains of sand. 
If colloidal gels diffused readily in each other bacterial counts 
would be impossible, for there could then be only one colony. 

In agriculture the physical condition of the soil is now con- 
sidered of about the same importance as its chemical constitution. 
The presence of colloidal gels in the soil is absolutely necessary 
to retain moisture and such valuable compounds as the phosphates, 
potassium salts and others. This is purely an adsorption phe- 
nomenon. The application of manure or plowing under of green 
crops supplies the field with hydrogels. It has long been known 
that turning under stubble or rye or clover is beneficial but this 
benefit was supposed to result from the addition of the fertilizing 
elements contained in the crop. More advanced farmers have 
thought that the decay of straw stems left the soil more porous 
in much the same way that earthworms would do their work. In 
all probability the tannic acid of the straw flocculates the soil in- 
to a colloidal condition, makes it more plastic, more adsorptive. 
Acheson made his famous lubricant, deflocculated graphite, by 
the application of this principle. 

Technically colloids are of enormous importance. Rubber, 
starch, glue, artificial silk, celluloid, collodion varnishes, paper, 
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leather, photographic plates, colored glasses and many more are 
colloids. Leather is merely an adsorption compound of hide and 
tannins. Ruby glass is colored by a suspension of colloidal gold 
and the color of gems is probably due to similar suspensions. 
Smokeless powder and a large number of other explosives come 
under the heading of this paper, as does the pottery industry, soap 
making and the application of dyes to fabrics. 

Mineralogists have only recently admitted that a large number 
of natural minerals exhibit the appearance and properties of 
gels, usually in stalactitic, botryoidal and glassy forms, fibrous 
fractures, with a soapy or earthy feel or occasionally in a gela 
tinous condition. 

Botanists acknowledge that the structure of plants is colloidal, 
physicists find colloids answerable to their laws and in fact, all 
sciences meet on this common ground, The speaker ventures to 
predict that in ten years a chair of colloidal chemistry will seem 
necessary to a great university. 

EXPERIMENTAL, 
Metal Sols by Bredig’s Method. 

Colloidal Platinum.—Connect two platinum wires, 1 mm. in 
diameter, with the terminals of a 110-volt circuit with enough 
resistance thrown in to reduce the current to 5 to 10 amperes. 
Slip the wires through glass tubes as insulating handles and, 
immersing the points in a breaker of water, touch and separate 


them rapidly. Arcs will form and a cloud of metallic particles 
will be thrown off. After a time filter to remove the larger 


particles. That the filtrate contains colloidal platinum may be 
proved by the addition of electrolytes to a portion, The platinum 
soon settles out as a black powder. Another portion may be 
added to dilute hydrogen peroxide. It catalytically decomposes 
the peroxide releasing bubbles of oxygen. The presence of a 
trace of hydrogen sulphide poisons the colloid, probably by affect- 
ing its surface. Gold, copper and several other metals may be 


treated the same way. 


Reduction Methods for Metal Sols. 


Colloidal Gold—Neutralize a solution of 1 gr. gold chloride 
in a liter of the purest distilled water by a little very dilute 
potassium carbonate. A very dilute cold solution (1 in 4000) of 
hydrazine hydrate forms a deep blue sol as soon as added to 
the gold solution. This colloidal gold is fairly stable if dialyzed. 
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A red sol of goid is obtained by using hydroxylamine as a reduc- 
ing agent. The red particles are supposed to be smaller than 
the blue. 

Hypophosphorous acid reduces gold chloride, under proper con- 
ditions, to a green sol. 

Phenylhydrazine hydrochloride reduces gold to a red-violet sol 
in high dilutions but at greater concentrations produces the blue 
variety. 

A little yellow phosphorous dissolved in ether is an effective 
reducing agent as is also a little strong alcohol added to the hot 
gold solution. Sometimes the reduction is not apparent for a few 
minutes and frequently the gold solution must first be neutral- 
ized by a trace of potassium carbonate. The Purple of Cassius, 
so well known as a qualitative test for gold, is a colleid, Direc- 
tions for making it are found in any good text on qualitative 
analysis. 

Formaldehyde is an effective reducing agent. Dissolve 6 gr. of 
the hydrochloride of gold chloride in 100 cc. of pure water. Add 
2.5 cc. of this stock to 100 cc. of boiling water and neutralize 
with about 3 cc. of a .18-molal solution of purest potassium car- 
bonate. To this boiling solution add, while vigorously stirring, 
3 to 5 cc. of a dilute, freshly-distilled solution of formaldehyde 
(3 cc. formalin to 100 cc.). It is best to add a few drops at a 
time. A red sol should result, if blue the above proportions and 
conditions should be varied somewhat. A few drops of a red sol 
obtained by the use of dilute phosphorous in ether (from which 
the ether has been boiled away) is sometimes used to start the 
formaldehyde reduction. It should be added before the formalde- 
hyde, 

The tannin method is outlined in a previous part of the paper. 

Colloidal Platinum.—Platinum salt solutions are reduced in 
similar manner by sodium formate, hydrogen peroxide and other 
reagents. 

Colloidal Silver by Carey Lea’s Method.—To a mixture of 
200 cc. of a 30% solution of ferrous sulphate and 250 cc. of a 
10% solution of sodium citrate add 200 cc. of a 10% silver nitrate 
solution. The sodium citrate should have been made alkaline 
before using. The bluish precipitate is allowed to settle and is 
then purified by filtration. In water it forms a deep, bluish-red, 
opaque sol containing traces of iron salts and citric acid. These 
can be removed by taking up the solid with water and precipitat- 


ing with ammonium nitrate until iron is no longer found. The 
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sol then looks brown-red. When washed with 95% alcohol it 
passes into a gel containing 97% silver the rest being citric acid 
and iron. This sol can be precipitated even by gum arabic 
and with acids gray silver is thrown down. 

Bismuth sols are formed by the action of stannous chloride on 
bismuth salts using very dilute solutions. Mercurous nitrate 
is reduced to the colloidal metal in similar manner by stannous 
chloride or nitrate. Fehling’s Solution may be reduced by stan- 
nous chloride when heated on the water bath with a change of 
colors through yellow, red and black. The black precipitate forms 
a red-brown sol in water. It contains metallic copper. 


Paal’s Protective Colloid Method. 


Colloidal Copper.—Mix 20 grs. of powdered egg albumen and 
20 cc. of a 15% solution of sodium hydroxide in water and 
dilute to 1 liter. Heat to boiling and filter. Boil again and add a 

% solution of copper sulphate, drop by drop. The liquid turns 
red, then violet, then red-brown and a precipitate settles. It is 
best to stop adding copper sulphate just before this precipitate 
forms. Dialyze the red-brown sol and filter. This sol of copper 
albuminate is almost neutral. Evaporate to dryness on the water 
bath and dry further in a vacuum dessicator over sulphuric acid. 
Red-brown scales are left. They dissolve sparingly in water. 
Gold albuminate is made in similar manner. 

Colloidal Sulphides.—Arsenic sulphide sol is described earlier 
inthe paper. Antimony sulphide sol is made by passing hydrogen 
sulphide into a solution of tartar emetic containing 2 grs. in 


100 cc. Ammonium sulphide, one part strong in 25 cc. water 
may be added in equal volume. Immediate dialysis removes the 
ions before coagulation occurs. Another method is to let a 


1% solution of tartar emetic drop slowly into a bottle of water 
through which a rapid stream of hydrogen sulphide is passing. 
No precipitate forms but a deep red sol results. The excess 
hydrogen sulphide may be removed by a stream of hydrogen and, 
after dialysis, the sol is fairly stable. 

Cadmium sulphide when precipitated from an ammoniacal 
solution of cadmium sulphate is washed with water, suspended 
in water through which hydrogen sulphide is passing. A yellow 
sol is obtained. The excess hydrogen sulphide is boiled off and 
the liquid dialyzed. 

Mercuric sulphide is formed in the same way. When its sol 
is concentrated it is black and opaque but dilute it is brown with 


a greenish fluorescence. 
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Copper sulphide sol formed in this way has the same color 
but is not stable if there is more than 5 grs. to the liter. 

Colloidal Acids.—Stannic acid sol is formed by decomposing 
sodium stannate with hydrochloric acid and dialyzing. At first 
a gel results but as the ions are removed this passes into the sol. 
Zsigmondy passes air through a solution of 15 grs. stannous 
chloride to the liter and keeps it clear with a little hydrochloric 
acid. After a few days of this alternate oxidation and hydrolysis 
gelatinous stannic acid is formed. This is decanted and washed 
on a filter to remove salts. When moistened with a little ammonia 
it forms a clear sol in water. 

Tungstic acid sol is made by adding a 5% solution of sodium 
tungstate to just enough dilute hydrochloric acid to decompose 
it. When purified by three days’ dialysis the sol is so stable that 
neither acids nor salts coagulate it and it is reversible even when 
evaporated and heated to 200°. An equally stable yellow sol of 
molybdic acid is made in the same way. 

Silicic acid sol may be obtained by pouring water glass solu- 
tion into dilute hydrochloric acid and dialyzing. 

Colloidal Hydroxides.—Ferric hydroxide sol is easily made by 
adding about 5 cc. of a 33% solution of ferric chloride to half a 
liter of boiling water. By the rapid hydrolysis at that tempera- 
ture ferric hydroxide and hydrochloric acid result and if the 
acid is removed by dialysis the deep red sol may be kept for 
months. 

Chromium hydroxide sol is obtained by dissolving chromium 
hydroxide in a solution of chromium chloride and dialyzing. The 
green sol is not very stable. Aluminium hydroxide prepared in 
similar manner is rather unstable. 

Adsorption.—If silicic acid gel is dipped in fuchsine solution 
the dye cannot afterward be removed even by the most thor- 
ough washing—it has been adsorbed by the jelly. 

Make a solution of water glass of 1.1 specific gravity and in a 
bottle of this drop small crystals of various salts such as copper 
sulphate and lead nitrate. The particles swell and expand into 
tree-like growths. The salts dissolving form concentrated solu- 
tions which react with the sodium silicate to form a semi- 
permeable membranes of gelatinous metal silicates. The osmotic 
pressure of the more concentrated solution within each membrane 
causes an inflow of water distending the sac. 
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MEETING NEW DEMANDS WITH HIGH SCHOOL 
CHEMISTRY. 


By Foorp Von BicHnowsky, 
Berkeley, California. 


Chemistry, in the high school of today, is breaking away from 
college science. It is becoming an end in itself. This is in 
accord with the prevailing tendency to equip the high school 
student for a life of usefulness, irrespective of whether that end 
be reached through the university or in the work shop. Instead 
of serving as a preparation for qualitative analysis, high school 
chemistry must be made to serve as an introduction to the wider 
manufacturing processes. The old chemistry was adapted to the 
needs of the student who intended to become a chemist. The 
old text books have been written by men in that profession and 
with the technical end in view. As a result chemistry has not 
been very interesting to those who studied it without any ex 
pectation of ever putting it to any practical use. The brilliant 
experiments, the deafening explosions and the numerous pre- 
cipitates did not hold the student’s attention. The pupil soon lost 
interest. This state of affairs has long been recognized and at 
present many attempts are being made to enlarge the scope of 
the science. 

As a result courses in household and applied chemistry are 
being introduced into many of the high schools. These are all, 
as far as could be ascertained, based upon the old chemistry. 
The changes that have been made have had to do mainly with 
the content of the subject while the method of attacking the 
problem has remained substantially the same. The old texts 
have served as models for the newer works. The material has 
only been broadened in scope. 

The teaching of chemistry has followed the scientific method 
of going from the known to the unknown, the object being to 
have the pupil repeat some of the work that served as a basis 
for the broader theories of the science. The use of this method 
in teaching a subject in which there is so much unrelated ma 
terial as appears in chemistry, is unfortunate when one keeps 
in view the present tendencies in high school science. For in 
this case the material is too great for the time at hand. An 
alternative is, however, possible. The fundamental laws may 
be treated and such secondary material as is available in the one 
year usually devoted to this subject. This is the method fol- 
lowed in the latter texts. This method, nevertheless. fails to 
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completely solve the difficulty. For although it gives the pupil 
the ground work and often some of the chemistry of the more 
important commercial processes, still it fails to properly corre- 
late the material. 

There is another method of teaching chemistry that could be 
followed—This is teaching chemistry as part of a process. By 
so doing the emphasis is removed from “chemistry” and placed 
on “the process.” Yet this is in reality elevating chemistry to 
a higher educational stage. For a process is a vital thing, a force 
that has to do with development and life. In our own lives we 
gain our impressions from facts or things, by a refining process 
by which these become first principles, then processes. Can 
we not apply this process to the teaching of chemistry? 

In the past when the child grew up in less crowded conditions 
he had many opportunities for observing how things were made. 
The boy on the farm saw how wheat was converted to flour 
and how crude soap was manufactured. The child in the cities 
does not know these things. It is part of the school problem 
of today to give him as wide a variety of experiences as pos- 
sible. All sorts of devices are being used to accomplish this 
end. Chemistry can contribute largely to these experiences. To 
make chemistry of service as an illuminator of many indispens- 
able processes, means that the texts will have to be entirely 
rearranged. In this rearrangement the tendency will probably 
be more towards synthetical than to analytical chemistry. The 
making of things will be the important step, for synthetical 
chemistry has to do mainly with constructive processes. The 
pupil who uses material as a means towards an end will gain 
more by that use than if the material is simply the end. It is 
evident that a few typical involved manufacturing processes, 
given to the student in steps, will equip him for a better working 
knowledge of chemical laws and processes than a number of 
separate experiments involving the same amount of time. It 
will probably be said that the high school student has not the 
skill necessary to do these longer experiments. Judged from 
what he appears to accomplish in the laboratory at present this 
seems to be justified. One reason that he does so poorly in the 
experimental work is that he is not very interested in what he 
is doing. Give him something to reward his interest and he 
will accomplish much. 

To get, to hold, and to reward attention is the purpose of the 


true teacher. The teaching of the “chemistry of the process” 








774 SCHOOL SCIENCE AND MATHEMATICS 


should also meet this ideal. The greatest joy in mathematics is 
to write Q. E. F. after a construction problem. The chemistry 
of today, however, offers no such reward to the student. It is 
more than probable that the manufacture of a cup of gasoline 
will teach the student more chemistry than he will remember, 
than any superficial study of the action of hydrogen sulphide on 
the metals of the first, second and-so-forth groups. Besides giv- 
ing him the completed results as a reward, process chemistry 
will also tend to correlate the facts so that they may be more 
readily understood and grasped. For here the facts will appear 
as steps in the process. The end of the experiment cannot be 
reached until each of the steps have been connected together. 
As a result the products formed in the laboratory will have a 
much higher educational value. 

To make the scope of the chemistry of the process even more 
practical it seems best to give more emphasis to organic chemis- 
try. In the text books of today there is but a chapter or so 
devoted to the chemistry of carbon. Yet by far the greater 
number of substances that we deal with are concerned with 
that element and its compounds. Many of the main chemical 
laws can be treated just as well from that basis and much more 
interestingly than from the view point of the inorganic chemist. 
This applies especially to the courses in household chemistry. 
At present all that is generally taught in these courses are a 
few chemical laws and a mass of tests for impurities in house- 
hold commodities. The manufacture of vinegar is more inter- 
esting than the detection of sulphuric acid. The selection, from 
the mass of chemical processes, of those most adapted to the 
high school laboratory will be the task of the chemistry teacher 
of today. 

There now remains one other important point to consider 
before closing—What will be the relation of the college chemistry 
to this type of high school teaching [Evolutionary forces are 
also at work in technical college chemistry. These forces have, 
however, arisen from a different source. The college has been 
turning out analytical chemists for so long that the field is 
becoming crowded. Lately there has arisen, in the manufac- 
turing world, a demand for a constructive chemist. The manu- 
facturer is trying by every means to lower the cost of produc- 
tion. For that reason the chemical engineer came into existence. 
He is the man who is interested in synthetical chemistry. 
He is the kind of chemist that “process chemistry” in the high 
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school will tend to develop. This is the kind of scientist that 
the university is beginning to prepare for his professional calling. 
He is to be the chemist of the future. Surely the high schools 
can ill afford to fail to give to any student the inspiration for 
such a career. 

Chemistry is in the evolutionary state. It is growing so rapidly 
that we make a mistake in insisting upon the infallibility of our 
laws. This thought alone should make us place less emphasis 
upon the material part of the science. The tendency of today 
is to treat each science in relation to other sciences. By treating 
chemistry apart from the rest we lose much of value. The 
chemistry of the future will bear an organic relation to the 
world in which we live. Let us try to develop this relation 
in the high school. We are already beginning to do this for 
chemistry in our few courses in “general science.” Let us relate 
it even more closely by giving chemistry as part of a world 
process. This is the highest plane to which any science can 
aspire. This is the goal that chemistry will attain. 


STANDARDS FOR ILLUMINATING GAS. 


The Bureau of Standards, Department of Commerce, has prepared a 
monograph on “Legal Specifications for Illuminating Gas,” which is a brief 
discussion of the recommendations made by this Bureau for state or city 
laws to control the quality of illuminating gas sold. 

The Bureau undertook several years agg an investigation of calorimetric 
standards and of flame standards for gas photometry, but as the work 
progressed it became evident that other phases of gas testing were equally 
deserving of attention, and the field of the investigation was therefore ex- 
tended to include all gas-testing work. 

As the heating value of a gas is a better measure of its usefulness for 
power, heating, or lighting with mantles than is the candle power of the 
gas, the heat delivered to customers should be measured and controlled 
in order to insure good service. For open-flame lights only, the candle 
power must be maintained. As many persons still use such burners, even 
though they are less economical than a mantle, the candle power can not be 
entirely overlooked. The Bureau of Standards proposes that a secondary 
requirement be fixed by cities to insure sufficient candle power of the 
gas for this use, and that the heating value be made the principal basis of 
gas rating. 

The basis of rating of the gas and its purity are also discussed in this 
paper. Copies may be had by addressing the Bureau of Standards, De- 
partment of Commerce, Washington, D. C., referring to Technologic 
Paper No. 14. 
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A CONVENIENT METHOD OF COLORING THE BUNSEN 
FLAME. 


By Ratpn S. MINor, 
University of California, Berkeley. 


The following advice for coloring the Bunsen flame with the 
salts of the alkali metals, alkaline earths and thallium is a much 
simplified form of the apparatus used by Arrhenius, Gouy’, 
Lewis”, and others, in studying the conductivity of flames. Com- 
pared with other methods, such as the direct application of the 
salts to the flame with a platinum wire, this method offers the 
following advantages: convenience, cleanliness, economy of ma- 
terial (making possible the use of the salts of rubidium, caesium 
and thallium even in large classes), complete elimination of any 
danger of mixing the salts, and ease with which a perfectly 
continuous effect may be secured for hours at a time. 

The apparatus consists of a wide-mouthed bottle A of about 
250 c.cm. capacity, containing an aspirator BC of special design 
which is protected from dust particles by means of a plug of 
glass wool E and an outlet tube D. A solution of some salt, 
usually the chloride, of the metal under examination should 
partly fill the bottle. The outgoing air, heavily laden with vapor, 
is fed into an ordinary Bunsen burner along with the usual air 
supply and gives the entire flame an intense color. 

Of the various forms of aspirator tested, the one shown in the 
figure has worked best and stands the maximum of rough usage. 
It should be noted that the spray is directed against the side of 
the bottle, not upwards, so that the heaviest of the drops will 
fall into the solution again. The length aa and the width bb of 
the aspirator should also be so regulated to the size of the bottle 
used that when the inlet tube is pushed close to the stopper and 
even twisted about in it, the aspirator will not touch the walls 
or bottom of the bottle. 

While a foot bellows, or a double bulb such as is used in 
pyrography may be used to operate the aspirator, the larger sizes 
of bicycle pumps will be found equally convenient and are much 
to be preferred when both cost of maintenance and first cost 
are considered. 

It may be well to point out that no particular tightness of 
joints is required in feeding the vapor to the Bunsen burner. 
If the burner has an air inlet at the bottom it is quite sufficient 


1 Gony, Ann. de chim. et de phys. 18-5. 1879. Also Baly’s Spectroscopy, p. 365. 
2 Lewis, Phys. Rev. xxi p. 353, 1905. 
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if the end of the tubing from the outlet tube D is simply placed 
under the base of the burner. If the burner has side inlets for 
air the end of the tube should be placed so as to supply air to 
one of them. A simple holder for the tubing in the latter case is 
readily made from a large stopper. Bore a hole in the stopper 
the size of the burner tube, and another hole at right angles to 
this about the size of the tubing from the outlet tube D. Slip 
the stopper down the burner until the horizontal openings in it 
are opposite the air inlets of the burner and place the tubing 
from the outlet tube D in one of them. It is best to have the 
tubing fit this opening loosely, otherwise when the pump is not 
in operation there may not be enough air supplied to give the 
colorless flame. 
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Given a set of eight bottles carefully prepared and sealed up 
containing about 100 cc. of solution, one each for chloride of 
potassium, of lithium, caesium, calcium, strontium, barium, and 
thallium (7/C1,) and a bicycle pump, and the question of chem- 
icals for spectrum analysis is settled for one year at least. Such 
a set of aspirators is ready for use at any time. Five to ten 
grams of rubidium, caesium, or thallium chloride to 80-100 cm. 
of water give a sufficiently intense spectrum. 
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When the spectrum of the Bunsen flame, colored with the 
device described above, is examined with a small direct vision 
prism, even in a lighted room where other work is carried on, 
the following lines, whose wave-lengths are given below in tenth- 
meters (10° cm.), are always readily seen in addition to the 
bands characteristic of the metals and their compounds: 


Rb 4202 Sr 4607.5 K 7668 
4? 16 7702 
Ca 4227 Th 5250 Rb 7806 
7950 
Cs 4555 Na 5889.065 
1503 5805.03? 
Li 6707.8 


In a darkened room, the fainter lines, K 4044, 4047, Li 
6rogand Rb 6207, 6298 may be easily distinguished. 

The sodium D line is always present unless precautions im 
practicable in a large laboratory are carried out. The lithium 
line 6707.8 often appears in the spectrum of “C. P.” rubidium 
chloride. 

A very convenient combination for dispersion determinations 
with the spectrometer consists of the green thallium line 5350, 
the yellow sodium line 589? and the red lithium line 6707.8. In 
spite of the fact that the spectroscopic intensity of these lines is 
reduced when other salts are present in the flame at the same 
time,’ it has been found that a mixture of 10 grams thallic 
chloride (thallous chloride, T/CJ/, is almost insoluble in cold 
water), 1 gm. lithium chloride, % gm. sodium chloride in 100 cc. 
water will give all three lines with sufficient brilliancy for work in 
a lighted room. The nitrates of the three metals used in about 
the same proportions also give good results. 


3 See W. Schuler, Drude’s Ann. 5, p. 931, 1901 
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ORGANIZATION OF CONGRESS IN SECONDARY VOCA- 
TIONAL MATHEMATICS. 


By W. T. StTRaTTon, 
Kansas State Agricultural College, Manhattan, Kansas. 


During recent years there has been a demand that public 
education serve all the people in accordance with their several 
needs. Vocational schools are being established or courses ar- 
ranged in the already existing high schools to meet this demand. 
In such schools and courses the English; history, mathematics, 
and the sciences are taught with the view of furnishing the stu- 
dents the things they will need in their chosen vocations. Voca- 
tional mathematics, then, is that mathematics which will be of 
most help to the student in his every-day life in the store, fac- 
tory, on the farm, as a carpenter or in whatever line of work he 
may take up. It is my purpose in this paper to organize the 
material for courses in secondary vocational mathematics that 
will meet the demands of boys and girls who for various reasons 
are not looking forward to a college education. The discussion 
of this subject naturally falls into three divisions. 

I. The general conditions which make special courses in sec- 
ondary mathematics desirable. 

Il. The kind and extent of mathematics for mechanic arts 
students. 

Ill. The kind and extent of mathematics for agricultural 
students. 


[. GENERAL CONDITIONS WHICH MAKE SPECIAL COURSES 
DESIRABLE. 

Until recent years only two objects were kept in view in deter- 
mining what should make up the course in secondary mathematics 
preparation for college, and the general value of the subjects 
themselves. Later came in the consideration of preparing for 
business, or commercial life, which led to the introduction of 
bookkeeping and commercial arithmetic. Today the course of 
study must take into account the objects for which the boys and 
girls are being educated, their capabilities, and the opportunities 
open to young men and women demanding general and special 
educational qualifications. How to meet these requirements by 
giving the students just the kind of mathematics they need is a 
question of vital importance today. 

The American people have always stood for equality of op- 
portunity in every phase of life; and, as a result, a single type of 
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school has developed without reference to local conditions or per- 
sonal preference. Since mathematics is an exact science it has 
been one of the last to yield to the popular demand for a change. 
Time and experience have, however, brought clearly to view the 
fact that equality of educational opportunity can be provided 
only as different needs of the community and of particular 
groups of children are taken into consideration. The great num- 
ber of boys and girls do not enter professional work but go either 
from the high school or from the grades to the farm, store, or 
shop. In view of this fact their mathematics should be of such 
a nature as to prepare them best for the work they are likely to do. 

There is a demand today for finishing schools. A great many 
colleges and cities have already established schools with courses 
from two to four years in length in which the students may 
choose such work as appeals to them and will do them the most 
good after they get out. These schools are demanded by two 
different classes of students: (1.) The boys and girls of the 
towns and cities whose parents can not afford to send them 
through high school and then to college to get training in some 
industrial line. To this class also belong those who for various 
reasons have left school on finishing the eighth grade and have 
gone into shops, or stores, or have taken up some trade. After 
a year or two they see the need of more training but can not 
spend the time necessary to complete a college course but will 
gladly take two or three years provided they can get a course 
that furnishes them proficiency in their chosen vocation. (2.) 
In the rural communities in almost every state in the Union 
there are a great many boys and girls who finish the country 
schools and would like to go to high school but the literary and 
classical education does not appeal to them in such a way as to 
lead them to believe that they will have greater earning capacity 
after spending two to four years there. They were raised on 
the farm and want to stay there; hence the township or county 
high school should offer courses making for intelligence and prac- 
tical insight and give opportunity for them to gain such control 
of materials, tools, and scientific facts that their earning capacity 
is increased and they are better trained for citizenship. These 
schools should provide agricultural training for the boys and 
courses in home economics for the girls. 

In such schools a new style of mathematics is demanded. The 
principles of mathematics are the same today as fifty years ago 
but that does not necessarily mean that the subject should be 


VOCATIONAL MATHEMATICS 781 


treated the same today as then. Students may be taught to add, 
subtract, multiply, and divide by using numbers in arithmetic or 
letters in algebra without reference to what they represent. To 
treat mathematics in this way would be toeregard it as a science 
and would lead largely to a series of mental gymnastics, and the 
student would get very little insight into the subject. Mathe- 
matics should be treated as a science, to be sure, but as a science 
applied to practical living. From this point of view mathematics 
is changing from year to year. The graph in algebra was almost 
unheard of until recent years. Scientific investigators have de- 
manded a compact, accurate way to submit their data to those 
interested, hence came the use of the graph. It was found 
to be such a convenient way of presenting results of investigations 
that today it is used in almost every report sent out to the public. 
Let an important change occur in the mode of transacting bust- 
ness and the arithmetics will be changed accordingly. The old 
texts emphasized troy weight, apothecaries’ weight, circulating 
decimals, alligation—medial and alternate—arithmetical and 
geometrical progression, all of which are antiquated or of ques- 
tionable value to the ordinary citizen. We are beginning to find 
in the new text-books such subjects as saving and loaning money, 
investments, banking, commission, and problems covering the 
practical phases of poultry husbandry, dairying, carpentry, farm 
mechanics, and every other subject that touches any considerable 
number of people in any community. The arithmetics used in a 
strictly agricultural district or by agricultural students in any 
secondary school should contain different material from texts 
used by students in the heart of a great city, or in a purely 
mining district, or a community where everybody is interested in 
a particular industry. 

Again, for students in secondary schools not all parts of the 
algebra, geometry, and trigonometry have applications. Stu- 
dents should not be required to take such parts, but topics should 
be selected which are fundamental in meeting the requirements 
of the technical studies or will be of practical value. If the 
selection is wisely made and the material properly arranged, 
logical training will not suffer. If we teach so that pupils really 
understand what they are doing then we are training their logical 
powers and giving them the help in their ethical and philosophi- 
cal ways of thinking which aregso well developed by a study of 
Euclid. They will also have a ready, usable knowledge of the 
fundamental problems and processes of the subjects they have 
taken. : 
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Mathematics has been too abstract and artificial. Aiming at 
training the pure reason it has got out of touch with facts and 
for many pupils has degenerated into mere jugglery of symbols 
without any thinking. It is no wonder then that mathematics 
fails to interest all but a very few. The theorem of limits usually 
stated, “If two variables are constantly equal as they approach 
a limit their limits are equal,” which is of great interest to the 
grown mathematician is for the very best boys very difficult to 
grasp and if the complete mastery were necessary before taking 
up subjects that depend upon it most students would be barred 
from the work entirely. During nine years of experience in 
teaching geometry in the Kansas State Agricultural College and 
other good schools to students, whose previous preparation is 
not questioned, I have not found a single student who could really 
grasp the meaning of limits. Occasionally one will get a pretty 
good notion of the meaning by the time he has completed plane 
and solid geometry. The teachers do not understand it as they 
should ; however, it is not the fault of the teachers nor the stu- 
dents, the trouble lies in the fact that we are trying to do some- 
thing that can not be done. 

Mathematics which heaps up theorem after theorem without 
a thought of how its results are to be turned to practical ac- 
count in the acquisition of knowledge in other fields can not 
possibly lead to any benefits to the student. The value of math- 
ematical knowledge to students in these finishing schools lies 
in its applications. There is no reason why mathematicians 
should not devote themselves exclusively to pure mathematics, 
if they are so inclined, for without question a great many of 
the valuable discoveries in other sciences have been made with 
the help of fundamental formulae worked out by pure mathemati- 
cians. The trained mathematician has capital but it is useless 
so long as it is not turned to practical account in other sciences. 
We must learn to lay more stress upon the ability to use a 
theorem intelligently than to give a faultless demonstration. 
Farmers, mechanics, or engineers, do not care about non- 
Euclidean geometry nor for computations of plane triangles where 
the sum of the angles is less than 180°, nor any such problems. 
The: engineer especially asks for the ability to use numbers 
rapidly and accurately in his particular field. 

Common sense demands that the mathematics of real life 
be coordinated with that taught in the schools. In order to 
accomplish this the teacher with the pupils should visit the 
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various industries of the vicinity. They will be brought face 
to face with real problems, not mere statements of problems. 
Visit stores, elevators, factories, cement workers where walks 
and foundations are being made. Visit a house or barn under 
construction and figure out with them the cost, using local prices, 
of the building from the excavation to the completion. In a 
large school the mathematics department should work with the 
shops, drafting room, and the domestic science and domestic 
art departments. Teachers of the technical subjects should also 
be in constant touch with the mathematics department antici- 
pating problems which will arise and reporting immediately any 
weakness shown by a pupil in problems and principle. 

We must come to a saner and more practically useful atti- 
tude in all our mathematics or we shall be pushed to the wall. 
Already there is a demand that mathematics be not required 
in the high schools and this will inevitably come unless the sub- 
ject is made to appeal more strongly to the ordinary high-school 
student. I believe if we are all absolutely frank we will admit 
that geometry as now taught in most schools is of all the sub- 
jects the one which we feel of least real use in advanced math- 
ematics; and as now taught, geometry is felt by students and 
by many teachers to be of least benefit to the student who does 
not pursue advanced studies. A great many mathematicians 
and text-book writers have been putting great stress on rigor 
in elementary geometry. Surely we should not be held to the 
old Euclidean style of geometry on that account. We should 
give up the meaningless pretense of teaching rigorous geometry 
to boys and girls of fourteen and fifteen years of age. That 
there is a demand for a change in our secondary mathematics 
is evidenced by its growing unpopularity and from the fact that 
it is not now considered so essential in every course offered. 
There is a demand then as indicated above for a new style of 
mathematics for students who do not go to college. 

II]. MATHEMATICS FOR MECHANIC ARTS STUDENTS. 

What then should be the nature and extent of the mathematics 
for one of these finishing schools? The answer to this question 
will depend upon the work for which the student is preparing. 
The courses should be made to suit the needs of the two classes 
of students given above. We will first take up the course for 
the students of the first division. 

The student who is preparing for real leadership in the fac- 
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tory, machine shop, carpentry, contracting, or similar lines of 
work, if he is to become a leader in his work, should have a 
rather extensive course in mathematics covering the subjects of 
algebra, geometry and trigonometry. 

ALGEBRA: The elementary algebra making up the first year’s 
work should have for its immediate aim the mastery of the 
linear and quadratic equation. The equation can scarcely be 
over-emphasized in the early study of algebra. Real-life prob 
lems can thus be introduced almost at the beginning of the study 
of the subject and long periods of drudgery on the abstract 
mathematics avoided. The students ought to be made to feel 
that they are studying a real, live, practical subject and the 
abstract parts introduced for the sake of proficiency will simply 
give variety enough to make the study interesting. Where the 
interpretations of results of a practical nature are very im 
portant care should be taken not to bring into the work long 
and complicated applications of principles. The student will 
not need to be able to work out long and complex expressions 
but needs a thorough working knowledge of the simple prin- 
ciples of algebra. A thorough course up to and including the 
quadratic equation and covering only simple radicals will be 
sufficient for any demands made upon the subject both in a 
practical way and as a foundation for work in geometry and 
trigonometry. The parts of the subject that should be em- 
phasized are: The four fundamental operations, simple paren- 
theses, special rules in multiplication and division, factoring of 
a simple type leading directly to the solution of the quadratic, 
simple fractions, ratio and proportion, simple simultaneous equa- 
tions of two unknowns, graphs, and simple radicals. The 
equation, as was indicated above, should be the great point of 
emphasis throughout the course. The work should be more 
intensive and not so extensive. 

The theoretical considerations of the laws of signs, curious 
combinations of brackets, difficult factoring, complicated frac- 
tions, simultaneous quadratics, cube root, complex radicals, and 
imaginaries should be omitted. The time usually consumed in 
these subjects should be used in making the students more pro- 
ficient in what they do take, and in attention to problems the) 
are meeting in their other subjects and will meet in their every- 
day life. Reasonable skill in straightforward manipulation is 
certainly expected and demanded but time can be spent to better 
advantage in making the student familiar with the few simple 
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devices at his disposal than by dealing with long tedious ex- 
amples in simplifications of fractions, or with “elegant devices” 
for solving problems especially constructed for the purpose. 

GEOMETRY: In geometry a good many of the recent text- 
books writers have done a great deal toward vitalizing the work 
by arranging the material so as to set the student to work right 
at the start with ruler and compass. This plan gives the stu- 
dent something tangible to work with and if properly handled 
can be made of service to the teacher in presenting the prob- 
lems of superposition in triangles. This construction work 
should be accompanied by a great number of numerical exer- 
cises in which he will make use of his arithmetic and algebra. 
Excellent opportunities will also be offered here for the use of 
graphs in the solution of triangles. After several days of this 
kind of work they should be introduced to demonstrative geom- 
etry. In the demonstrative work more emphasis should be placed 
upon getting the students to think than upon requiring them to 
get the exact form of the demonstration given in the book. 
The construction work and the numerical calculations are not 
to be dropped as soon as the theorems are taken up but the 
three will go right along together. 

Demonstrative geometry develops mathematical thinking better 
perhaps than any other phase of the work, yet to emphasize 
that alone makes of it merely a study of logic, for certainly no 
very great number of the theorems have direct application to 
the problems of life. Geometry has its practical side which 
must be emphasized if it is to hold its place in the curriculum. 
A good many theorems are intuitionally evident and the proof 
may be omitted without destroying the sequence of thought. 
The “theory of limits” and “maxima and minima” should be 
left to the students of higher mathematics. These subjects are 
of no practical value here and are beyond the comprehension 
of the ordinary student. In solid geometry only a very few of 
the theorems should be proven in a formal way. It should be 
largely the mensuration of the simple solid. Solid geometry also 
offers an excellent field for construction work which will be of 
use to the student in other lines of work. The numerical prob- 
lems are of such a practical nature that the teacher will experi- 
ence no difficulty in keeping the students interested. By re- 
ducing the number of theorems almost all the time can be spent 
at this kind of work. 

TRIGONOMETRY: No course in mathematics for a_ student 
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preparing for betterment in his vocation is entirely complete 
without a working knowledge of trigonometry. It opens up 
a new field of useful knowledge and furnishes powerful tools 
for the solution of problems involved. The course should con- 
sist of the study of the trigonometric functions with the de- 
velopment of the few fundamental formulae needed. Next 
should come a large number of problems on the right triangle 
making use of these formulae and the tables of natural trig- 
onometric functions. Logarithms should then be introduced and 
a large number of applied problems necessary to insure pro- 
ficiency in the use of logarithms should be based upon the right 
triangle and the general triangle. All work with complicated 
identities, multiple angles, and functions.of angles greater than 
those found in the general triangle should be omitted. With 
the material of the course made up as above students will be 
intensely interested from,start to finish and will never question 
the utility of the course. 

APPLIED MATHEMATICS: The student has now had one year 
in algebra, a year in geometry, and a third of a year in trig- 
onometry. At least another third of a year should be spent on 
the applications of the mathematics he has already learned along 
with perhaps one or two new features of direct value to him. 
During the entire course the teacher should constantly hold 
before the pupil the fact that he is studying mathematics. Dur- 
ing the first year the principles of algebra have received the 
greater part of the emphasis, however, when geometry is taken 
up the algebra and the arithmetic will not be forgotten but used 
at every place possible. This course should round up his whole 
mathematical knowledge and show him if he has not already 
found it out that what he has in his mathematics is some won- 
derful tools to be used in the solution of problems soon to con- 
front him. He should be given opportunity to make calculations 
and work problems that will come up in the particular trade 
for which he is preparing. The use of the slide rule is one of 
the new features introduced into this course. The whole term’s 
work should be crowded full of everyday problems bringing 
into play his formulae from arithmetic, his equation and the 
graph from algebra, his formulae and logical thinking from 
geometry, and the use of logarithms and the time-saving devices 
of trigonometry. 

III. MATHEMATICS FOR AGRICULTURAL STUDENTS. 


The agricultural high school is a finishing school with courses, 
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as indicated earlier in the discussion, fitted to the needs of boys 
and girls who find it almost impossible to obtain a college edu- 
cation. They are fitting themselves in the least possible time 
for the work on the farm. In view of this fact it is entirely 
proper that most of their time be spent along the, line of prac- 
tical agriculture. A good part of their time will be spent in the 
laboratory, in the stock-judging pavilion, and in actual contact 
with the real farm work. If the student has had a pretty thor- 
ough course in arithmetic we should be able with one year’s 
work in mathematics to give him a working knowledge of the 
principles of mathematics sufficient to enable him to solve the 
problems of everyday life on the farm. The work for the girls 
should be essentially the same as that for the boys. The ma- 
jority of the applied problems will be the same. Only prob- 
lems pertaining to domestic science and domestic art will not be 
of value to the boys, and very little if any of the work for boys 
should be eliminated from the course for the girls. So what I 
shall say concerning the course will apply to the work for both. 
Assuming, then, that we have one year for mathematics, what 
shall be the nature of this mathematics? A careful study of the 
field will convince one, I think, of the fact that arithmetic, 
algebra, and geometry all contain principles and formulae which 
will be of practical value in a course of this kind. We will now 
see what parts of each shall be utilized. 

ARITHMETIC: The field of arithmetic seems to be pretty weil 
defined. Since the class will likely be made up of students of 
different degrees of proficiency in the four fundamental opera- 
tions, a few days spent in review using as a basis problems 
taken from the experiences on the farm, will unify the class 
and insure better work throughout the term. The order to be 
followed in taking up the subjects has very little chance for 
variation. The chief point of difference from the old style 
arithmetic is in the choice of the problems. Agronomy with 
its problems in crops, soils, and fertilizers, dairying with its 
tests and feeding problems, constructions of barns, silos, and 
so on, animal husbandry with its suggestive problems, horti- 
culture, farm mechanics, botany and zodlogy, all offer prob- 
lems in common fractions, decimals, denominate numbers, per- 
centage, and quite a number of other subjects. In business 
transactions of interest to the farmer you will cover insurance, 
interest, mortgages, notes, discount, commission, banking, and 
so on. The study of the graph and its use in bulletins and 
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crop reports should be taken up here. Mensuration is another 
division of the subject for which problems are easily found. 
In fact there seems to be little difficulty in finding material in 
arithmetic sufficient to take the third of the year allotted to it. 
The main trouble has been to get the problems properly graded. 
They must be graded with a view of developing the subject 
of arithmetic logically, and also in such a way as to really make 
the subject-matter developed a unit and worth while to the 
student. There is at least one text that seems to have ac- 
complished both ends to a fair degree of success. Since this 
is true I will not attempt to go further into detail in the subject- 
matter to be considered. 

ALGEBRA: The field in vocational algebra for agricultural 
students has not been so fully explored. In fact I do not know 
of any text-book that attempts to give a brief course in algebra 
designed for such students. With one-third of a year at our 
disposal what should we attempt to do in the subject? If we 
follow the usual plan of devoting the time to the study of 
addition, subtraction, multiplication, division, and factoring we 
will have used all the time at our disposal and the students will 
not have anything of practical value. This knowledge will also 
be of very little use in the work in geometry. A course con- 
taining the practical things of the subject can be arranged and 
should contain the foliowing subjects in the order they are 
given here. 

I. The Equation. If not all the members of the class have 
had the equation in arithmetic develop the idea by use of the 
balances and by making use of many concrete examples from 
arithmetic. Just as soon as they have grasped the meaning of 
the equation start them in with a list of problems involving 
simple equations. The problems should be of a practical na- 
ture and should constantly draw on their fund of knowledge 
of arithmetic. Problems like the following kind should make up 
several days work in the course. 

(1.) To grow a ton each of corn and clover requires 813 tons 
of water. The clover requires twice as much water as the corn. 
How much water does each require? 

(2.) A washing machine, linoleum, and range cost a farmer 
$91. The linoleum costs twice as much as the washing machine, 
and the range twice as much as the linoleum. What is the 
cost of each? 

(3.) A good ration for a cow is equal amounts of corn-and- 
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cob meal and cotton-seed meal, and five times as many pounds 
of hay as cotton-seed meal making 28 pounds in all. How many 
pounds of each were fed? 

Twelve or fifteen problems of the kind given above drawn 
from a wide range of subjects will be sufficient here. Then 
introduce just as briefly as possible the axioms and by means 
of illustrative examples lead to the matter of transposition in 
the equation. About fifteen good examples based upon scien- 
tific facts, the perimeters of rectangles, and other subjects of 
interest should be given here. Problems must be carefully se- 
lected so as not to involve the use of negative numbers. In 
every case the problems should be checked, thus developing the 
idea of substitution which the student needs in the solution of 
problems by the use of formulae. If the students are not able 
to handle the solution of the equations after they have gotten 
them from the given conditions a number of abstract equa- 
tions should be given sufficient to develop the desired skill. 

II. Positive and Negative Numbers. Positive and negative 
numbers should” be introduced by the use of the thermometer, 
latitude and longitude, debts, and so on. From this study the 
students may be led almost unconsciously into the subjects of 
addition, subtraction, multiplication, and division of a simple 
kind, using as the basis not abstract quantities alone but prob- 
lems bringing into play their knowledge of arithmetic. They 
wilt readily see that it is perfectly natural to count income, rising 
temperature, travel east or north, and so on, as positive while 
debts, falling temperature, sailing south or west are treated as 
negative quantities. After a clear understanding of the method 
of notation they should then take up a large number of exam- 
ples involving simple numbers which will give them the four 
fundamentals along with the laws of signs. The discussion of 
the laws of signs from a theoretical point of view has no place 
here. Problems of the following will serve to bring about the 
desired result. 

(1.) The temperature at 7 a. m. was —10 and at noon +9. 


y ? 


How many degrees warmer was it at noon than at 7 a. m.! 

(2.) A man’s income for the month was $140, rent $30, food 
$40, interest and incidental expenses $35. Using the positive 
and negative notation find the result at the end of the month. 

A long list of simple, well-graded problems will be sufficient 
to fix in mind the four fundamental operations and the mean- 
ing of positive and negative numbers. I would conclude the 
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chapter with a list of abstract problems covering the four opera- 
tions in order to insure that all the students have a ready work- 
ing knowledge and sufficient drill in handling positive and nega- 
tive numbers. 

III. The Fundamental Operations and Factoring. In the last 
chapter nothing was said about the exponent, power, or co- 
efficient. These definitions with illustrations should introduce 
this section. Some formal work in addition, subtraction, multi- 
plication, and division of polynomials should then follow. All 
the problems in multiplication should be simple in nature per- 
haps not higher than the third degree in the multiplicand and 
not more than three, usually two, terms in the multiplier. Out 
of the multiplication will come in natural order factoring and 
the solution of the equation by factoring. Here will be given 
an excellent opportunity to put in a long list of practical prob- 
lems involving addition, subtraction, multiplication, and divi- 
sion, and the solution of an entirely new kind of equation, the 
quadratic, by means of factoring. The problems should be care- 
fully graded and the quadratic type should be along the line 
of the following: 

(1.) A rectangle 3 feet longer than it is wide has an area 
of 28 sq. ft. What are its dimensions? 

(2.) A field of grain is 32 rods long and 24 rods wide, how 
wide a strip must a farmer cut by going round and round the 
field to cut half the grain? 

IV. Fractions and their Applications. Fractions should be 
taken up with a brief review of fractions in arithmetic. If 
the student has clearly in mind how to reduce fractions in arith- 
metic to their lowest terms, mixed numbers to improper frac- 
tions, improper fractions to mixed numbers and how to multiply, 
divide, and reduce fractions to a common denominator he will 
have only a brief transition to the same things in algebra. This 
transition can best be brought about by means of abstract prob- 
lems. After this has been done the rest of the work on frac- 
tions should be given to the solution of practical problems from 
the farm and the sciences. Problems bringing into use all the 
formulae he has heretofore had and will have soon in the differ- 
ent fields of work should be taken up here. The following are 
examples of a simple kind which may be used as practical 
problems in fractional equations. 

(1.) According to the Arkansas Experiment Station 1 acre 
of corn pasture produces one-third as many pounds of pork as 
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an acre of peanut pasture. If an acre of each together produces 
416 pounds, what is the value of each as a pork producer? 

(2.) It was estimated that a good road built along a quarter 
section farm increased its value one tenth of itself. The farm 
sold for $16,280. What is the estimated value of good roads 
per acre? 

V. Graphs and their Applications. If the graph has not been 
taken up in arithmetic it should be taken up here in connection 
with the crop reports. For example let them represent by a 
diagram or graph the yield of wheat in Kansas for a certain 
number of years. This may be done by the blocking method 
at first then by the continuous line. After some work of this 
kind a typical graph of the variation of temperature for a certain 
period of time should be studied carefully. They will then be 
ready to take up the variable and the ordinary principles of 
graphing. The linear equation in two variables will then be 
readily graphed and the solution of simultaneous equations in 
two unknowns which require only approximate results can be 
solved. A large part of the work in graphs will be based upon 
observed data from the laboratory, from bulletins and reports 
of the work at the experiment station, and from government 
reports. The chapter will be concluded with a list of problems 
in simultaneous equations in two unknowns by means of elim- 
ination and substitution.. There should also be a short list of 
abstract problems for drill but the majority of the sets of equa- 
tions will be obtained from the applied problems. 

VI. Miscellaneous Problems. For the ordinary class there 
has been enough material given under the five chapters above. 
If the class is particularly strong more problems may be needed, 
and I should give a short chapter to problems which will sup- 
plement the different subjects and at the same time furnish 
nothing but material of the most practical nature. It seems to 
me if the course is closely followed the students will get the 
things they will need in the course in geometry which is to fol- 
low and at the same time will get only the things that they can 
make use of after they are through school. 

APPLIED GEOMETRY: With only one third of a year to spend 
on geometry we must look only for the applications of the sub- 
ject and not use any time for demonstration. The work should 
start with the definitions and illustrations of a straight line, 
angle, complement, supplement, and conjugate, then follow with 
a large number of equation problems. This work in equations 
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will fix clearly in mind the relation of the different angles and 
will also give a good drill and review of the equation work in 
algebra. Take up next the definitions of surface, triangle, rec- 
tangle, and all the common polygons. A great amount of valu- 
able work can be based upon the right triangle by making use 
of the carpenter’s square in getting the practical problems. Sim- 
ilar triangles and the different regular polygons offer excellent 
opportunities for applied problems which may be solved either 
by formulae, or by use of the graph. I should often require 
problems solved graphically so as always to keep before the 
students the fact that it is often the easiest and sometimes the 
only elementary method of solution for certain problems. 

The next division of the work should take up the circle and 
the many problems related to it. Start with the definition. If 
the idea of the polygon with a large number of sides has been 
taken up, the area of the sector and finally the area of the circle 
can be developed intuitionally and logically. From the area of 
the circle the area of the segment and the area of the circular 
ring will easily come. Problems on belts, pulleys, cutting speeds, 
and gears will furnish a list of the everyday problems of life. 
Occasionally a problem involving the area of an ellipse will oc- 
cur in practical work so it is well to give them the formula for 
the area and the meaning of the terms. 

Solid geometry should consist entirely of the mensuration of 
the prism, cylinder, pyramid, cone, frustums, sphere, and the 
anchor ring. Definitions of each of these should be given at 
the proper time and an intuitional development of the formulae 
given in each case. The last few days of the course in geom- 
etry should be spent in a general round up and review of the 
formulae learned, emphasizing the most important, so that the 
students will see that they have had something practical and 
will also have a clearer notion of how they may use what they 
have learned. 














PRIME NUMBERS IN PROGRESSION 793 
PRIME NUMBERS IN ARITHMETICAL PROGRESSION. 


By ARTEMAS MartTIN, LL. D., 
Washington, D. C. 


All such numbers are contained in the general series 

a, a+b, a+2b, a+3b,... . at+(n—1)b.... (1), 
where a must be an odd prime, b an even number prime to a 
except when a and b are unity, and m may be any number. 

“Three prime numbers cannot be in arithmetical progression, 
unless the common difference of them be divisible by 2 K 3 = 6; 
except 3 be the first of the prime numbers, in which case there 
may be three prime numbers in arithmetical progression, whose 
common difference is not divisible by 6, but there can be only 
three.”—Barlow’s Theory of Numbers, page 64. 

Barlow evidently overlooked the cases 1, 2, 3; 1, 3, 5; and 
1, 3,5, 7. 1 and 2 are prime numbers. 

I. To find three prime numbers in arithmetical progression. 

The general series for three numbers is 

a, a+b, a+2b, 


when = 3 in (1). 
1. Take a1, ) 1, then the numbers are 
1, 2, 3 


which are the least three prime numbers in arithmetical progres- 


, 


sion, and the only three consecutive numbers that are primes. 
2. Take a1, b = 2, then we have 
1, 3, 5. 
3. Take a=1, b= 6, then we get 
1, 7, 13. 
4. Take a1, b= 18, and we find 
1, 19, 37. 
5. Take a1, b = 96, and we get 
1, 97, 193. 
And so on, and we can find as many sets of three prime num- 
bers in arithmetical progression as we please for a = 1. 
6. Taking a= 3, and b = 2, 4, 8, 10, 14, 20, 28, 34, etc., we 
get the following sets of three primes in arithmetical progression, 


viz: 


7, 2: 
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and we can find as many sets of three primes in arithmetical 
progression as we please for a = 3. 
?. Takea 5, and b= 6, 12, 24, 42, 48, 54, 66, 84, etc., and 


we have 


5. e8 az: 5. 17, 29; 
5, 29, 53; 5, 47, 89; 
5, 53, 101; 5, 59, 113; 
5, 71, 137; 5, 89, 173; 
and so on, and we can find as many sets of three primes in arith- 
metical progression, first term 5, as we please. 
8. Take a7, and bd 6, 12, 30, 36, 60, 66, etc., and we find 
ee 20s 7, 19, 31; 
1. ea, Gl: 7, 48, 79: 
7, 67, 127 7, 73, 139; 


and so on. Many other sets may be found beginning with 7. 
9. Take a= 11, and b = 6, 18, 30, 36, 48, 60, etc., and we have 


eS | Ae. a, wee Os 
ik, Gh, 28; 11, 47, 83; 
11, 59, 107; ik, 72, 281; 
and soon. Many other sets for a = 11 can be found. 


10. Take a= 13, and 0 24, 30, 48, 84, 90, 114, etc., and we 


get 
ig, 37,. 61: 13, 43, 7%: 
13, 61, 109; 13, 97, 181; 
13, 103, 193; 13, 127, 241; 
and so on. Other sets for a 13 can be found. 
11. Take a 17, and b — 6, 12, 42, 66, 90, 120, etc., and we 
get 
7. wa, . Be: iz. 3, 41: 
17, 59,101; 1%, 83, 149; 
17, 107, 197; i7, 18%, B67 : 
and so on. Other sets for a= 17 can be found. 


12. Take a = 127, and b = 36; then we have 
127, 163, 199. 

It seems that there can be three primes in arithmetical progres- 
sion beginning with any odd prime. 

II. To find four prime numbers in arithmetical progression. 

The general series for four numbers is 

a, a+b, a+2b, a+-3b, 

taking n = 4 in (1). 

For four numbers, a can not be 3; for, in that case, a+3b 
would be divisible by 3 and not a prime; b must not be a multiple 
of a when a is greater than 1. 
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13. Take a= 1, and b = 2, 6, 36, 210, etc., and we find 
ChE oe: 2b Ee oe ee 
1, 37, 73, 109; 1, 211, 421, 631; 
and soon. Other sets beginning with 1 can be found. 
14. Take a= 5, and b = 6, 12, 18, 42, etc., and we have 
; Bis At, aes 5, 17, 29, 41; 
5, 23, 41, 59; 5, 47, 89, 131; 
and so on. Many other sets for a = 5 may be found. 
15. Take a7, and b= 12, 30, 102, 150, etc., and we get 
7, © 2, as: pe Fa as. 
7, 109, 211, 313; 7, 157, 307, 457; 
and soon. Other sets beginning with 7 can be found, 
16. Take a—11, and b—6, 30, 60, 126, etc., and we find 
11, 17, 23, 29; ia” Gee Fae eee 
11, 71, 131, 191; 11, 137, 263, 389; 
and so on. Other sets may be found beginning with 11. 
17. Take a= 13, and b = 30, 48, 90, 150, etc., and we have 
13, 43, 73, 103; 
13, 61, 109, 157: 
13, 103, 193, 283: 
13, 163, 313, 463: 
and so on. Other sets may be found beginning with 13. 
18. Take a= 17, and b = 12, 150, 252, etc., and we get 
17, 29, 41, 53; 
17, 167, 317, 467: 
17, 269, 521, 773; 


and so on. Other sets beginning wiih 17 may be found. 


, 


19. Take a=19, b = 174, and 264, and we have 
19, 193, 367, 541: 
19, 283, 547, 811. 
Other sets beginning with 19 may be found. 
III. To find five prime numbers in arithmetical progression. 
The general series for five numbers is 
a, a+b, a+2b, a+3b, a+4b; 
taking = 5 in (1). 

Here a must be an odd prime other than 3, and } must not be 
a multiple of a when a is greater than unity. 

“There cannot be five prime numbers in arithmetical progres- 
sion, unless their common difference be divisible by 2 K 3 K 5 = 
30; except when the first term of the progression is 5, in which 
case there may be five prime numbers in arithmetical progres- 
sion, whose common difference is not divisible by 30, but there 
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can be no more than 5.”—Barlow’s Theory of Numbers, page 65 
20. Take a1, b — 330, and we find 


1, 331, 661, 991, 1321. 
21. Take a= 5, and b = 6, 12, 42, 48, and we get 
is =a, = ; 
5, 17, 29, 41, 53; 
5, 47, 89, 131, 173; 
5, 53, 101, 149, 197. 
Other sets of five numbers beginning with 5 may be found. 
22. Take a= 7, and b= 30, and 150, and we have 
ly Oty, Wee Bee Ee, 
7, 157, 307 


157, 607. 

Other sets of five numbers beginning with 7 may be found. 
23. Take a= 11, and b = 30, and 60, and we find 

11, 41, 71, 101, 131; 

11, 71, 131, 191, 251. 
Other sets of five numbers beginning with 11 may be found 
24. Take a= 13, and b = 90, and 150, and we get 
13, 103, 193, 283, 373 


13, 163, 313, 463, 613. 

25. Take a—17, and b = 150; then we have 
17, 167, 317, 467, 617. 

IV. 


To find six prime numbers in arithmetical progression 
The general series for six numbers is 


a, a+b, a+2b, a+3b, a+4b, a+5b 
when n = 6 in (1). 


Here a can not be 3, because then a+3b would be divisible by 
3 and not a prime; nor can a be 5, for in that case a+5b would 
be divisible by 5 and not a prime. 

26. Take a= 7, and b 30, and 150, and we have 


ny on 7 arn ow ~~, 
Se ol, Of, 9b. 127, Ot, 
y ~A ony ~* 7.1. new 
Se 157, JUG, 157, 607, iv 
y 
27 


Take a= 11, and b = 60, and we get 
11, 71, 131, 
13, and b= 
13, 48, 
13, 108, 

V. 


191, 251, 311. 
28. Take a= 


30, and 90, and we find 
73, 103, 143, 173: 
193, 283, 373, 463. 
To find seven prime numbers in arithmetical progression. 
The general series for seven numbers is 


Yin (1). 


Here a must not be 3 or 


a, a+b, a+2b, a+3b, a+4b, a+5b,; a+6b, 
when n = 


5: for, if a=—3 


, a+3b and a+6b 
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would be divisible by 3 and not primes; and if a= 5, a+5b would 


be divisible by 5, and not a prime number. 

“Seven prime numbers cannot be in arithmetical progression, 
unless their common difference be divisible by 2X35 xX7; 
except the first of those prime numbers be 7, in which case there 
may be seven prime numbers in arithmetical progression, of 
which the common difference is not divisible by 210, but there 
cannot be more than seven. And, generally, there cannot be m 
prime numbers in arithmetical progression, unless their common 
difference be divisible by 2x3xK5xXk7X11, etc., a; except the 
case in which » is the first term of the progression, in which case 
there may be nm such numbers, but not more.”—Barlow’s Theory 
of Numbers, pp. 67-8. 

29. Take a= 7, and b = 150; then we have 

7 157, 307, 457, 607, 757, 907. 
seven prime numbers in arithmetical progression. 

As the number of terms in the progression increases, the diffi- 
culty and labor of finding such series becomes greater and greater 
since they must be found by trial from a table of prime numbers ; 
but enough has already been done to indicate the methods to be 
pursued in seeking them, and to show that the subject is prac- 


tically inexhaustible. 


MOVING PICTURES IN GERMAN EDUCATION. 


The use of moving pictures in education has had a real impetus in Ger- 
man official circles, according to information recently received at the 
United States Bureau of Education. The Prussian Ministry of Education 
is now considering the feasibility of employing cinematograph films in 
certain courses in higher educational institutions, and a number of film 
manufacturers are being given an opportunity to show the authorities 
what fi'ms they have that are adapted to educational purposes. 

A well-known philanthropist has recently donated two fully equipped 
moving picture machines to the schools of Berlin. One is to be used in 
the Continuation Institute for Higher Teachers and the other in the high 
schools of greater Berlin. 

Moving-picture films are now available in Germany for anatomical, bio- 
logical, and bacterio!ogical courses, and the manufacturers are confident 
that an enormous field for their products will be opened up when educators 
fully realize the value of moving pictures in education. 
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FACTORING—A DISSERTATION ON THE CASE ax*+bx-+-c. 


By JoHN M. GALLAGHER, 


High School of Commerce, Boston, Mass. 


Four methods are in common practice: (1) the trial method, 
(2) multiplying by the coefficient of +*, (3) dividing by the 
coefficient of «*, (4) decomposition. A few other methods will 
be found that are beyond the scope of elementary algebra. Of 
the four methods the trial method is the most popular and is 
given preference in most of the recently published algebra text- 
books; but as yet it has not a majority of the text-books in its 
favor. The trial method has gained favor only in recent years, 
for which fact one reason may be given. Many recent algebra 
texts have been prepared by teachers and intended for the use 
of learners; while the old school algebra books have been non- 
teachable because non-learnabje by the beginner. The old algebra 
books have been compilations of the authors’ knowledge, con- 
sequently, unpedagogic. Algebra is chiefly a deductive science, 
and the mathematician has intense delight and satisfaction 
in deducing to reach his goal; indeed, he even delights in 
introducing obstacles in the path of his deducing in order 
to keep his track straight. The purist in mathematics will 
not experiment or guess, and he seeks to avoid any methods 
or means in which experimentation enters. This is in spite of 
the knowledge that the Inductive Method has been the great 
developer of science—‘experiment, investigate, verify.” 

The trial method is the best for the beginner. The other 
methods are self-satisfying to the learned. And yet when the 
reasoning in these other methods is analyzed, a close relation to 
the trial method is found; indeed all the reasoning in the trial 
method may be discovered hidden away in the intricacies of the 
other methods. 

Metuop No. 1. TRIAL. 


To teach the trial method: 

Let 184°+37*—20 be the expression (a quite difficult one) 
to be studied. Begin by strengthening a foundation that must 
have been already laid. Have performed several multiplication 


eas detailed multiplication to be written in 


~ 


examples like 


every case. Set down results like this: (2x*—?) (3x*+2)—627 
—1?x—14. Then show that such multiplications may be done 
wholly in the mind. The middle term of the trinomial is the only 

















oye 
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one that will need attention. Show how the middle term is 

24+ —7 

3x+2’ 

that the “cross multiplication’ may be as well observed when 

set down (21*—?7) (34+2), the two end terms multiplied and the 
| | | 


| ——JI | 


produced when the binomials are set down and then note 


i 


two middle terms multiplied. Thus is the fundamental knowledge 
obtained by inductive thinking, reasoning. Now for the ability 
to use that knowledge—deductive reasoning. Set down the given 
expression as below, and the knowledge gained from the study 
of the type form will be unfolded step by step as follows. 

18277+374—20 = ( )¢ ) 

eK oe FD 

(34+ )(6*— )A 
= (34+4) (6x— 5) B 
= (3r+5)(6*— 4) C 
— (3x—4) (6r+ 5) D 
= (3*4+2)(6r—10) E 
24-+-4) (94—5) 
== (2r+5) (91—4). 





A. Show that 18 may be the product of be or . or ; . Do 
not try the pairs in that order. Explain that the chances are poor- 
est that 1 and 18 are correct, the chances growing better as we 
proceed up the list. So that in this case 3 and 6 have the chances 
in their favor. So in general try the highest pair first—the pair 
whose sum is least, the two nearest the square root. 

B. Apply the same reasoning to 20, the third term. 

C. Interchange the 5 and 4. 

D. Reverting to B, interchange the signs discovering that the 
resulting middle term only changes its sign. So hereafter the 
+ and = signs may be used. 

E. Guessing that the 5 and 4 combination be wrong, try 10 and 
2. Note that this brings a common monomial in one of the tenta- 
tive factors. Show that this cannot be, because the original 
expression must then have had a common monomial. There- 
fore such trial need not be verified. The 1 and 20 combwhation 
may now be tried, or be thought improbable. It is then evident 
that the 32 and 6x combination is wrong, and it is necessary to 
return to A and start the combination 2% and 9x. Two trials 
will give the right factors. 

This illustrative example is harder and longer than three- 
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fourths of those given under this case in any book, the great 
majority being solved with much less labor. 
Metuop No. IJ. MULTIPLYING BY THE COEFFICIENT OF .°. 
184?-+374—20 
(1) 18(184a7°+-371—20) 
i8 
(2) 18%*?+37.181*—360 


18 
Instead of 18% put z, the books tell you. 
(3) 2?+4372—360 


18 
(4) (2+45)(2—8) 
18 
(5) (181+45)(18*—8) (putting 18x instead of 2). 
18 


Note that now must be tried the combination 3 and 6 on the 
denominator 18; then the 2 and 9. 
l82+45 181—8 
(6) ——- -—; 
(7) (2*+5) (9*—4). 
Now see how wasteful the purely mathematical mind may be. 
Steps (3) and (4) may be omitted. For study (2); (182)? will 





always be produced by squaring 18%. So one may begin reason- 
ing: (18*+ )(181— ) and for the missing terms find two 
numbers whose sum is +37, and whose product is —360. When 
filled in this gives the numerator of (5). And behold this method 
is nothing but the trial method spread out. Nothing is gained 
in the spreading out. One may say that the answer is obtained 
more <lirectly, or without much or any experimenting; but that 
is no gain, for in the end the result must be verified, as there is 
nothing evident in the work to indicate that the answer is cor- 
rect. The machinery which turned out the finished answer seems 
to work well and beautifully, but what learner can tell why this 
machinery does it? Or, as a sample specific question, can he 
tell. what that.18 in the denominator has to do with the original 
expression? This method is unpedagogic, impracticable, unneces- 
sary: Its; pedantic and sophistic. Following are sample solu- 
tions eremodels found in prominent algebra books. 


18a2-+-374—20 
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1 
qq l8244°+37 - 184 


1 
or 18 
Now 2°-+372—360 — (2+45) (s—8) 


360] 


[ (184°) *+-37 (184)—360] 


iim 2 orn > 22 = ad 
os i8 [ ( 18x )*+-37 ( 18+ )—360] — * ( 18.x-+-45) ( 18+—8) 


1 ‘ 
a= — .9(27-+5) .2(9x 
18 PTs) ie 4) 


(24-+-5) (94—4). 

Find the factors of 182%7+-371—20. 
Multiply by 18 (18*)?+37.18r—360 
Put z for 18% 2°+37:—360 
Resolve into factors (2+45)(s—8) 
Put 18% for z (18*-+45)(181—8) 
Divide by 9X2 (24+5) (94—4). 

(182 )?+37(18a)—360 

18 

(18a-+-45 ) (184—8) 

es 18 


>..2 1 ON, 
182° 4-37*#—20 


== (2*-+5) (94—4). 
Metuop No. III. Divipinec py CoerFicient oF -°. 


18.1°+374—20 


(2%+5) (94—4). 


What has been said of Method No. II can also be said of this 
method, but to a less degree... The devolution here is evident, but 
the. experimentation is present and inevitable. 


Metuop No. IV. DECOMPOSITION. 


Perform several detailed multiplications like this: 
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9r—4 
24-+-5 
182°—8.2 


and note that the middle term is a composite. 


18a°+-374—2' 


The general case is: 


ar- b 
Ct d 
acx*+-bcr 


+ ada+bd 
acx*+(bc+ad)x+bd. 

If the constant term of the trinomial be multiplied by the 
coefficient of +? the product is bead, which may be resolved into 
two factors be and ad, which two factors are the components of 
the coefficient of +. Or, the product of the first and third terms 
is abcdx*, which may be factored into ber and adx. In the 
illustrative example 182°+-371—20, multiplying 18%? by —20 
gives —3602#*, which may be factored by experiment into the 
two components of the middle term, +37%; namely, +45* and 
—8*. Then resolving the middle term into its components, the 
given expression becomes 


182° 





8x+4541—20 
or 184#°+-451—81r—20 
Grouping either of these by pairs, the factors are found (21+5) 
(9a—4). 
Written as a model, this example would appear thus: 
1827+-374—20 —360.r? 
a ee (4+45x 


182° -+-4524—81*—20 = 

(184a°+-454)—(8r+20) 

94a (24+-5)—_4(2x*-+5) 

(2r-+5) (9x—). 

This method is thoroughly logical since it shows the evolving 
step by step of the composite quantity 181°+37*—20 into its 
four parts and finally into its two factors. The student may be 
made to see this unfolding, revolving the object until its factors 
are brought to light. From practising this method, it may be 
said as a commentary, that the prime meaning of the word “fac- 
tor” is intuitively conceived by the learner. 
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MetTHOp No. V. RESOLUTION INTO THE DIFFERENCE OF TWo 
SQUARES, 


This method is merely another “recreation,” and of course 
may be used only after a study of the quadratic equation. It has 
no place pedagogically with beginners in factoring. 


1812+ 3%4—20 = 1 ( b4ce x 
r?°+374—20 — 18{ 27+ — «— 
' 18 18 
_. 37 1369 
soar will become a perfect square by adding-; 396 
8 
a ae 1369 1369 20) 
18 (+4 —# ———— — —) 
18 1296 1296 18 


ar" 2809 
18 (44 ) — 
> 1296 


= (24-+-5) (91—4). 


Metuop No. VI. PLAcInG THE GIVEN ExprFssIOnN EQUAL TO 
ZERO AND SOLVING THE EQUATION THUS FORMED. 


1847+374—2( ) == () 
Solve this equation by any method except by factoring (!). 


4 5 
oe and — a 


Therefore, the factors of the given expression are 


18 (+— ; ) (r+ “ ) = (2r+-5) (91r—4). 

This method also cannot be taught to beginners. It and 
Method No. V may be used to factor trinomials that are “prime” ; 
that is, to resolve prime quantities into factors containing surds. 
It is quite evident then that a continuation of this discussion 
transcends the realm of pure factoring and takes us far away 


from the simple chapter on factoring as found in school books. 
LANTERN SLIDES. 


Persons about to purchase lantern slides will do well to communicate 
with Mr. C. C. Smith of the Hyde Park High School, Chicago. He will 
furnish high grade slides at the lowest prices, 














804 SCHOOL SCIENCE AND MATHEMATICS 


BIOLOGY FROM THE PUPIL’S STANDPOINT. 
3y GeorGE C, Woop, 
Boys’ High School, Brooklyn, N. Y. 


A new and radically different course of study in Biology has 
now been in use in this school for over three years. This period 
of trial is long enough to malee possible at least a partial, if not 
a final conclusion, as to its value as compared to either the old 
or to other courses. It is my firm conviction that all courses in 
Biology are valuable in direct proportion as they help to fit the 
student for intelligent citizenship. I believe that our course as 
now outlined is preéminently better adapted to that end than 
any methods we have hitherto pursued in this school. I believe 
that the results conclusively prove it. The boys like it; the whole 
teaching force is favorably disposed towards the work, from the 
principal down; the graduates are ever ready to tell us of the 
value of the work to them in the business world or in the college 
class room and laboratory. 

But, it must be noted, there is a healthy difference of opinion 
even among the teachers of the department as to its value. We 
are somewhat divided into two camps, the personnel of which 
has been determined by preconceived ideas of the essentials in 
the teaching of Biology, due in turn, no doubt, to differences in 
college training. One side believes in the great importance of 
a study of function in preference to structure; the other side 
just as devoutly believes in the greater importance of structure 
as compared to that of function. Discussion has been long and 
even heated at times,*it must be admitted, to the point of acri- 
moniousness. But there has recently been a distinct tendency 
toward the amalgamation of opposing views in, it is to be hoped, 
a mutually satisfactory compromise, with the emphasis laid upon 
function. ' Moreover, the course has not lost its originality, nor 
suffered in its method of attack. - 

Teachers of Biology are-continually confronted with the old 
and often repeated question: Does form depend upon function 
or does function depend upon form? Does the leaf act as a 
breathing and starch-making organ of the plant simply because it 
is flat or is the leaf flat because it must be so, in order to function 
as a breathing and starch-making organ of the plant? 

It seems to me that the answer is obvious. Function determines 
structural adaptation. The great needs of the plant organism 
demand structures to fulfill those needs and no structure can 
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therefore be accidental any more than function can be accidental. 

I: believe that it is far better to show a boy a house (provided 
you want to make him into an architect) ; taking him through it; 
explaining what each part is adapted for doing, or the use or 
function to which it is put and then letting him find out how it 
is put together, than to give the boy a nail, a base board, a 
threshold, a door and a window frame, and then tell him to use 
his imagination and construct a house. 

He never will construct that house and we all know it. We 
know it because we have tried it ourselves. The average boy 
would be lost in the difficulty of the problem. Loss of interest 
follows. Where no interest is found there can be no success. 

I believe in inductive teaching, but I also believe in deductive 
teaching. Moreover, at certain stages in the life of the pupil the 
deductive method is by far the more valuable and no more so 
than in the first year of the average high school. 

About a year ago, it occurred to me that the pupils themselves 
might have some views on Biology. They are constantly express- 
ing to me, informally, their opinions concerning the subject. They 
make their likes and dislikes very plain. If these predilections 
concerning the study of Biology might be pooled, they might 
show a tendency in certain directions, at least, which might be 
valuable to the Biology teacher for study. There might even be 
something in it to help him in determining where or where not 
to place emphasis in teaching the subject. It might give him some 
comfort, in case these tendencies corroborated his own beliefs. 

In spite of a visible apathy on the part of my fellow teachers, 
I resolved to put into the hands of each-pupil a set of topics in 
the form of a questionnaire. In opposition to the views of my 
fellows that the pupil does not know what he likes or dislikes nor 
does he know what he should study or should not study, I believe 
that the average intelligent boy has an opinion of his own, and 
that this opinion, go far as it goes, within the limits of his narrow 
experience and viewpoint, should be accepted, respected and if 
there is any value in it, should be used for the benefit of all con- 
cerned. 

The questionnaire was in the following form. I quote it word 
for word as it was given out to the boys. 

If you are a IA boy (just completing Plant Biology) answer the 
topics under A and C only. If you are a IB boy (just completing 
physiology) answer topics under A, B and C. Place a check and 
a number before each topic in each group indicating your first 


— 
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six (6) choices in the order of their importance, which you think 
(1) most interesting and at the same time (2) most practical or 
valuable for you to know now in school and when you get out of 
school into your life work. 

A. PLANT BroLocy. 

1. Study of seeds. Seed structure, improvement and economic im- 
portance of seeds. 

2. Study of osmosis; oxidation, food tests, etc. 

8. Study of roots. Their structure and use to the plant. 

4. Study of the value of roots, leaves, stems, flowers, fruits, etc., to 
man. 

5. Study of leaves. Their structure and use as the food factory of 
the world. 

6. Study of fruits. Their formation from the flower; their structure 
and use. 

7. Study of flowers. Their structure and use to the plant. Hybridi- 
zation and plant breeding and its uses to man. 

8. Study of the ecology of flowers. Pollination and fertilization in its 
relation to insects. 

9. Study of the soil. Its formation, structure and its importance to 
plant life. 

10. Study of stems. Their structure and use to the plan. 

11. Study of forestry. Care of national and state forests and street 
trees. 

12. Study of the production of new plants by seeds, roots, bulbs, 
tubers, grafting, etc. 

13. Study of spore plants. Ferns, mosses, bacteria and yeast and their 
économic value to man. 


B. ANIMAL BIoLocy. 


1. Study of the structure of the grasshopper, fish, bird and mammal 

2. Study of the uses of the structures to the animals, studied in topic 1 

%. Study of the way the animals in topic 1 eat, breathe and protect and 
reproduce thernselves. 

4. Study of the economic uses of animals to man. 

5. Study of the habits and habitats of animals. 

6. Study of the natural or related groups of animals (orders, classes, 
families, et¢.). 

7. ‘Study of protective coloration, mimicry, communal life, parasitism, 
étc., in animals. 

8. Sttdy of field atid museum specimens of animals. 

9. Study of the life histories of animals. 

10. Study of the food of animals; the destruction of harmful and pro- 
tection of usefal animals. 

11. Sttidy of game laws and methods of protecting animals. 

12. Study of instinct, habit and reason in animals. 


HuMAN Bro.ocy. 


1. Study of food preparation, preservation and adulteration. 

2. Study of the digestive system and how it works. 

3. Study of the blood system and how it works. 

4. Study of the breathing system and how it works. 

5. Study of the excretory system (skin, kidneys, lungs, etc.) and how 


jt works. 
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6. Study of the bones, muscles and nerves (locomotor system) and 
how they work. 

7. Study of the hygiene of all the above systems. 

8. Study of diseases. Their cause and prevention. 

9. Study of accidents, poisons, first aid, etc. 

10. Study of sanitation (national, state, city and personal). 

11. Study of the hygiene of sex. 

C. Which method of study makes Biology most interesting 
and plain to you: (1) A study of the form and structure of a 
thing (leaf, heart, etc.) First, followed by a study of how it 
works or (2) a study of how a thing works (leaf, heart, etc.) 
FIRST, followed by a study of its form and structure? Answer 
this question by placing (1) or (2) in this space .............. 
according as to whether you think the first (1) or the second (2) 
method is best in your judgment. 

The questionnaire was given out to each teacher in mimeograph 
copies so that each pupil should receive one. Instructions were 
clear that the paper was to be explained to each class once. After 
that the pupils were to make out their opinions without consulta- 
tion with the teacher, or each other, and return them during the 
period or at the first opportunity after the class is dismissed. 

The statistics of the papers given out follow: 

Number papers given out, 850. 

Number papers returned, 768. 

Number returned found to be complete, 538. 

First term boys, 14 classes, papers returned, 446 

First term boys, 14 classes, papers acceptable, 300. 

Second term boys, 9 classes, papers returned, 322 

Second term boys, 9 classes, papers acceptable, 238 

Number papers returned showing any indication concerning topic C, 376. 

First term boys deciding for (1) in C, 126. 

Fitst term boys, deciding for (2) in C, 65. 

Second term boys deciding for (1) in C, 121. 

Second term boys deciding for (2) in C, 64. 

Total for (1), 247. 

Total for (2), 129. 

It was, of course, not to be expected that the answers would 
be the result of matured thinking. Many papers were never re- 
turned. Others returned were so incomplete as to be worthless. 
Still others showed that the pupils did not understand some of 
the topies, notably those under C. This is evidenced by the small 
returfis on this topic, but 376 out of an acceptable hist of 538. 

Still, the one thing remarkable about the test, was a decided 
tendency to select certain topics to the neglect of others. More- 
over, it will be noticed by a study of the accompanying charts 
that the highest curves are in connection with the functional 
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topics, rather than with the structural topics. And it must be 
remembered here that the department is almost equally divided 
as to the relative importance of structure and function, and each 
teacher emphasizes what to him seems most important among 
the masses of topics included in the year’s work in Biology. But 
please note further that the boys’ answers to C show them to 
prefer structure to function in order of study, 247 times to 129 
times. This is exactly contrary to what is shown in the plotted 
curves in the charts. 

What is the explanation? My only explanation is (1) that 
they did not understand topic C, as is evidenced by the small 
number of returns; (2) the structural question (1) was placed 
first, which has its psychic importance to the boy. That the er r 
was in topic G, if error there was, is doubly certain by the fact 
that the returns were remarkably good on topics A and B, aud 
the tendency to settle on some certain topics was very evident 
and conclusive. 

Now let us note some of the conclusions of the boys them- 
selves as to their preferences in topics A and B. To discuss them 
at length is out of the question. The charts speak for themselves, 
and are for the study of the reader. I can only suggest things 
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of importance in connection with the returns as they occur to me 
and possibly make some queries as to the why and wherefore of 
the returns, if they indicate anything at all. And this I believe 
they do. 

Chart I. The curves are very marked here, plainly indicating 
a tendency towards the functional and economic topics of study. 
The curves as markedly drop in other directions, some topics 
structural in nature and others more or less economic. It can 
be readily seen that the structural and functional problems are 
not the determining factors in the decision of the pupils by any 
means. It would be preposterous to suppose that the mass of 
pupils could use judgment enough to make this the determining 
‘actor. The fact remains, however, that they have their marked 
likes and dislikes. If these likes and dislikes in any way coin- 
cide with the functional and structural ideas, respectively, we 
can reasonably conclude that there is an unconscious rather than 
a determined tendency in any one direction and this, I take it, is 
by all means the best kind of a data from which to draw our 
conclusions. Topics 2 and 11 stand out preéminently in the pu- 
pil’s mind. One is functional, the other economic. How explain 
this? Do these topics appeal to his imagination and powers of 


~ CHART 11. ~PLANT B)OoLoGy~ ~ and. Term Boys~ 


sels 1213}4]s]l6]7}el9 fiolu firlis 


- A \ 
loo y N ‘aa & | \ 
YM hy | 




























































































810 SCHOOL SCIENCE AND MATHEMATICS 


motivation more than the others? But what of topics 3, 6, 9, 
10, 12? Fundamentally they are structural. In my experience, 
the study of stems has always lacked interest as compared to 
other topics. Why? I believe the lack of interest here is due 
to the necessarily great amount of structural work required be- 
fore the functions and uses of the parts are developed. We, in 
this school, have eliminated a great part of this work from the 
course. There is still a chance for improvement. 

Chart IJ. A glance at Chart II will show us some interesting 
things. One is struck by the similarity between it and Chart I. 
In some places the curves are more marked, as, for instance, topics 
10, 11 and 12. There has been some shifting in emphasis among 
the second term boys, due possibly to the influence of their Ani- 
mal and Human Biology studies, which should have a somewhat 
broadening effect upon their minds. Topics 5 and 6 fall off, while 
topic 9 takes a distinct advance. Is there anything here to give 
us pause for thought? 

Let us pass to Chart //]. In most cases the curves are nearly 
what the average teacher would expect. Topic 4 stands supreme. 
The structural topics are sadly neglected. It surprised me to 
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find that so few favored field trips. I can explain it only on the 
ground that the fundamental object of a field trip is a study of 
structural adaptations. The real functional works come in sub- 
sequent discussions in the class room. Note topic 6. Who ever 
went into raptures over a study of natural or artificial classifica- 
tion. Yet, we do some of it in our school, notably in introducing 
the pupil in Zodlogy to the great groups of the animal kingdom 
and in the work on insects. It is worthy of note that the pupils 
give 98 choices for topic 1 and at once drop to 58 in topic 2, as 
regards the uses of structures to the animal. In connection with 
this it is, well to note that 102 choices were made for topic 3, 
which has to do specifically with the fundamental functional needs 
of the type animals studied. There seems to be a slight contradic- 
tion here, which is explained by the fact that in Zodlogy the type 
method is pursued and structure stands out foremost in the pupil’s 
mind. In topic 3 function seems to take precedence at the ex- 
pense of structure. 

Chart IV gives us the tendencies in Human Biology. The 
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changes in direction of curve are not so marked here, indicating 
that the pupil has more or less subjected his natural likes and 
dislikes to a more matured way of viewing the subject from a 
utilitarian standpoint in so far as it is concerned with self preser- 
vation. Topic 2 out-tops all others as the fundamental, func- 
tional process of the whole system. I believe that here they are 
right. The other systems being an elaboration of and dependent 
upon, the digestive system, do not appear to be so important to 
the pupil. Hygiene makes some appeal, but, sad to relate, topic 
10 on sanitation falls far short of our fondest hopes. But let 
the reader observe that our school is in New York City and that 
seventy per cent of our boys are either of foreign birth or of 
foreign parentage, from the most unsanitary regions of Europe. 
Perhaps this statement will tend to somewhat clear the atmos- 
phere. This curve shows me, also, that we must do more than 
we are now doing along this line. We hope to do so during the 
coming year. We must make the pupils see the importance of 
cleanliness in its relation to disease. 

A somewhat more specific enquiry was made with one class 
of seconds and two classes of firsts. The boys in these classes 
were asked to make six choices of those topics most interesting 
to them and another six choices of those topics which seemed to 
them to be of the greatest value to them. The accompanying 
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charts will explain more than several pages of discussion. Chart 


V shows the tendencies as evidenced in one class of second term 
boys of 31 members. Note that these boys still claim interest in 
osmosis, food tests, etc. (topic 2), but they do not seem to place 
much stress upon its practical value. This is, of course, contrary 
to the best judgment of the average teacher of Biology. But it is 
an apparently sincere indication on the part of these 31 boys. 
The soil topic is recognized as having more value than interest. 
Topic 10 on stems is invariably distasteful, while topic 11 on 
forestry is as invariably interesting and practical in spite of the 
fact that no great emphasis is placed upon the topic in our teach- 
ing of it. 

In Zodlogy, the interest in the functions of the parts of the 
animal organism is clearly manifest. Little interest and much 
value is attached to topic 4, while topic 6 drops deep into the 
“slough of despond.” Topics 8 and 9 show variable conclusions, 
while in topic 10 the value is in clear contradiction to the interest. 

In Physiology, note the marked parallelism between the topics 
on the two charts. Note the agreement as regards the interest 
and value of a thorough study of the workings of the digestive 
system. The locomotor system (bones, muscles and nerves) 
demands interest because of its close connection with protection 
and getting of food and air. Note again the lack of interest 
in diseases and sanitation. Note both the interest and value ac- 
corded sex hygiene. In all sincerity, the pupil in this school be- 
lieves in the value of sex hygiene because he sees it placed on a 
high plane of truth and dignity. It appeals to his sense of chivalry 
and his better nature. It gives him a broader idea of the qual- 
ities which make for intelligent citizenship. 

Chart VI represents the tendencies in two classes of first term 
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boys, aggregating 84 members. One notes at once some marked 
similarities and differences between the views of the first and 
second term boys in regard to Plant Biology. Topic 9 makes no 
appeal to the first term boys—while its value is evident to the 
second, Both terms set topic 10 down as uninteresting and 
impractical. Both terms recognize the value of topic 11. A 
general survey will show a marked tendency to preference for 
the functional and economic over those topics primarily struc- 
tural. Now what is the conclusion of the whole matter? First, 
it must be remembered that but four of the 23 classes in Biology 
are taught by the writer, and, secondly, that there is a distinct 
difference of opinion in the department, consisting of eight men, as 
to where to place the emphasis in teaching the subject. Nowhere 
in the city, I think it safe to say, will you find eight men with such 
individualistic and different views concerning the presentation of 
the essentials of the subject. 

Yet in the light of these statements, the charts seem to show a 
confirmation of my often repeated statement that the boy is 
more interested in function than in structure. Function is dynam- 
ic; structure is static. Whoever saw a boy who was not inter- 
ested in seeing things move and in understanding how they move. 
Just enough structure to understand function, and no more, is the 
golden mean. If you vary from this, vary towards the side of 
still less structure. 

The pupil’s conclusions further confirm the efforts of the writer 
and his committee to gradually eliminate from the course of 
study all matter which is not of vital value to the average pupil. 
The pupils’ conclusions are to that extent, then, first a warning 
and, secondly, a guide for the future. In flat denial of the state- 
ment made by some well intentioned teachers, that it matters not 
what the pupil likes, but, rather, that the teacher is the sole de- 
terminer of what is best for the pupil, I believe that we must be 
guided to some extent, at least, by what the public demands. 

Paradoxical as it may seem, the public reflects the demands 
of the general mass of pupils and generally speaking, the public 
is ultimately right. Conclusive evidence of the force of public 
opinion is being shown now in New York City, in the generai 
revision of the elementary school curriculum. The High Schools 
are feeling the pressure. Their turn comes next. 
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SCIENCE QUESTIONS. 


By Frankuin T. Jones, 
University School, Cleveland, Ohio. 


Readers of ScuHoot SciENCE AND MATHEMATICS are invited to propose 
questions for solution—scientific or pedagogical—and to answer the ques- 
tions proposed by others or by themselves. Kindly address all communi- 
cations to Franklin T. Jones, University School, Cleveland, Ohio. 


PROBLEMS AND QUESTIONS FOR SOLUTION. 


120. Proposed by H. C. McMillin, Washington, Kans. 

Find the theoretical inclination of the horizontal for a projectile having 
an initial velocity of 2400 feet per second in order that the range may be 
12000 yards. 


121. Proposed by A. Bjorkland, Appleton, Wis. 

What will be the daily cost of pumping 500 gallons of drinking water 
by means of the following compressed air system? The air in the supply 
tank is kept at a very nearly constant pressure of 75 pounds per square 
inch. The pump is so arranged that the air acts directly on the pump 
piston with full pressure, and, for each gallon of water forced out, a 
gallon of compressed air enters and escapes from the pump. The tem- 
perature of the air entering the pump is 12° C. Before and after en- 
tering the compressor, 20° and 120° C. 

Assuming the efficiencies of the pump, compressor and electric motor 
to be 80, 70 and 75 per cent respectively, what will be the daily cost at 
8¢ per kilo-watt-hour? 

(This is a “real” problem which came to the attention of the Physics 
department at the Appleton High School.) 


Answer serially numbered problems in the following lists: 


PRINCETON UNIVERSITY ENTRANCE EXAMINATIONS IN 
PHYSICS, JUNE, 1913. 
Nore.—Applicants presenting certified note-books will answer the 
questions under B only. Those not offering note-books must answer the 
questions under both A and B. 


A—Answer Any Five. 

1. Define: mass, weight, specific gravity, density. Which of these 
remain constant under all conditions of change of location and which 
vary? For which of the last two does the numerical value vary with the 
units adopted? Give reasons for your answers. 

2. What is a pendulum? Give the formula for the time of swing 
of a simple pendulum. How is the period affected by a change in the 
following quantities—mass of the bob, length of the pendulum, angle 
through which the pendulum oscillates, position on the earth’s surface? 

Describe any experiment which shows the trutli of Boyle’s law. 

3. State three ways in which heat may be transferred from one place 
to another and give an example of each method. Give two other examples 
of heat being transferred by one method alone. 

Define specific heat, the gram-calorie, heat equivalent of fusion. 

4. What is meant by the refraction of light? State the laws governing 
this phenomenon and define the index of refraction. 

If it is safe to dive into a tank four feet deep and the water appears 
to be of that depth, would it be taking a risk to dive? Give reasons for 
your answer. 

5. State the two laws expressing the size and the kind of force be- 
tween two magnets—In what units is the force measured? 

If you had an insulated metal sphere with a positive charge, describe 
carefully how you would employ this so as to give a positive charge to a 
second conductor, and a negative charge to a third. 
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6. Describe carefully an experiment illustrating the production of an 
electric current by the relative motion of an electric circuit and a mag- 
netic field. State some law which enables you to tell the direction of 
the current produced. Upon what does the magnitude of the current 
depend? 

B—Answer Any Five. 

1. Resolve a force of 25 dynes into two components at right angles 
to each other, one of the components to be 10 dynes. 

Find the point of application of the resultant of two forces of 11 and 
17 dynes, acting in parallel lines 25 cms. apart, and in the same direction. 

2. A force of 30 dynes acts on a mass of 48 grams for 6 seconds 
What ‘is the momentum communicated? If a force twice as large acts 
on a mass one hundred times as great for one half the time, find the 
momentum communicated. 

How much would the air in this room have to be condensed in order 
that it should exert a pressure three times its present value? 

3. Two forks are sounded together, and 9 beats per second are heard. 
One fork makes 720 vibrations per second. How many does the other 
make? Why? 

A man stands 200 meters from a flat wall and hears the echo of his 
own voice after an interval of 1.2 seconds. What was the ‘locity of 
the sound? 

4.. Two positive magnetic poles, of strengths 40 and 60, are placed at 
distances of 70 cms. on opposite sides of a negative pole of strength 50, 
the three being in a straight line. Calculate the direction and magnitude 
of the force experienced by the negative pole. 

Give Joule’s law for the amount of heat liberated in a conductor when 
carrying a current for a given interval of time. How much heat is pro- 
duced when a current of 40 amperes traverses a resistance of 33 ohms 
for 15 minutes? 

5. Show by a diagram the path of a light ray through a block of glass 
with parallel sides. Make diagrams for rays hitting the sides at two 
different angles. 

What must be the relative distances of a 16 c.p. and a 100 c.p. lamp in 
order that an object shall receive the same amount of light from each 
lamp? 

122. The specific heat of copper is 0.093. 362.8 grams of water are 
contained in a copper vessel whose mass is 400 grams. The water is at 15° 
C. Into the cup are dropped 920 grams of a metal at 325° C. The mix- 
ture of metal and water come to 35°. Calculate the specific heat of the 
metal. 

Chemistry. 


I. Define the terms: Substance, energy, synthesis, double decomposi- 
tion and chemical compound, giving examples where possible. 
By what marked characteristic may a compound be distinguished from 
any other form of matter? 
State the law of the indestructibility of matter and illustrate by two 
examples. 
II. Write the formulae for the sulphates, su'phites, and sulphides 
of sodium manganese and ferric iron 
Complete and balance the following equations: 
Na,O,+H,O= 
30,+E.E.= 
Cu SO,- 5 H,O+H. E. = 
NaCl + H,SO, = 
Ca (OH), + CO, = 
Fe + H,O + H. E. = 
III. Describe fully, with all equations, the LeBlanc process for the 
manufacture of soda. 
Give, with equations, two methods for preparing oxygen (electrolysis 
not accepted). 
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Where and in what combinations does oxygen occur in the universe? 

How is oxygen related to ozone? 

What term is applied to such a relation? 

IV. State Avogadroé’s hypothesis and show how its application can be 
of aid in the determination of atomic weights. 

State the laws of Boyle and of Charles and show how their application 
can be made to substantiate Avogadro’s hypothesis. 

VY. What is the physical difference between cast iron, wrought iron and 
steel? What in their chemical composition causes this difference? What 
two processes are generally used for the manufacture of steel and how 
do they differ? 

VI. How can you prove that air is a mixture and not a compound ? 
123. If 500 cc. of air measured at 10° and 758 mm. be cooled to —15° 
and the pressure be represented by 725 mm. what will be its final volume? 

124. How many grams and how many gram-molecules of oxygen can 
be obtained by heating 250 grams of potassium chlorate? (K = 339, 
O = 16, Cl = 35.5. ) 

ANSWERS AND SOLUTIONS. 
107. From Crew's General Physics. 

A clock having a pendulum 60 cm. long keeps correct time. The pen- 
dulum is lengthened to 60.5 cm. How many seconds will the clock lose 
per day? 

Solution by H. C. McMillin, Washington, Kans. 

Denoting periods of clocks with pendulums 60 cm. and 60.5 cm. long 
by T, and T, respectively, we have 

T; | 60 cm. 
‘as Vi 60.5 o cm. 


The time recorded by a clock varies inversely as the period. If the 
clock of period T, records 86400 seconds in a day, the clock with period 


T, will record 86400 sec. per day. 


\ "3 5 
Hence time lost by clock of period T, is 


86400 (1— |_80 )= 362 seconds per day 

V 60.5 v 

Also Solved by A. Bijorkland, Appleton, Wis., Leroy F. Swift, Wor- 
chester, Mass., Academy. 


108. Also Solved by A. Bjorkland, H, C. McMillin. 


, 109. Proposed by Wm. B. Borgers, Grand Rapids, Mich. 


By lifting on the handle-bars, a bicycle rider can exert, during part of 
the stroke, a force greater than his weight, though during most of the 
stroke the force is certainly less. Let us assume that the mean effective 
force is equal to his weight, which is a pretty high estimate, but not im- 
possible. Let the length of crank be 7 inches, gear 80 (which means that 
for each revolution of the cranks the machine is driven forward a dis-- 
tance of 80x3.1416 inches). Weight of rider 175 pounds, weight of ma- 
chine 25 pounds. If the chain and bearings haye an efficiency of 75 per 
cent, and the rest of the system 80 per cent, what is the steepest grade 
that he can ascend at uniform motion? (Grade means ratio of height 
to horizontal distance.) 


Solution by Proposer. 


The total efficiency = .75 of .80 = .60. His weight descends 28 in. or 
24 ft. during each complete revolution of the cranks. Hence the useful 
work done in W = .6x175x24 = 245 ft-lb. But W = FH, where 


F = 200 Ib. = the weight of wheel and rider, and H = the height it is 
lifted d ting one revolution of the crank. Hence H = 245/200 = 

















818 SCHOOL SCIENCE AND MATHEMATICS 





1.225 ft. = 14.7 in. During this time the wheel has gone ahead 80x3.1416 = 
251.328 in. The horizontal distance is b = V251.328°—14.7° = 250.9 nearly. 


14.7 
The grade i = = 5.86 per cent nearly. 


Solution by A. Bjorkland, Appleton, Wis. 
The work done during one revolution of the cranks equals 175x3.1416x7 
or 3848.4 inch pounds. 60 per cent of this or 2309 inch pounds are available 


for lifting the machine and rider. Since work equals force times distance, 
2309 divided by 200 pounds gives the vertical distance as 11.5 inches. The 
horizontal distance corresponding to this equals V (80x3.1416)*—(11.5)* 
or 251 inches. Hence the grade equals 11.5/251 or .046, or 4.6 per cent. 
(Note.—These solutions are not inconsistent. The first assumes that 
pressure upon the pedal is equivalent to the descent of the total weight twice 
per revolution through the diameter of the wheel. The second solution 
assumes that the force is applied uniformly at right angles to the crank.) 


110. Additional solutions are received from H.C. McMillin and A. Bjork- 
land. 


111. From a Dartmouth College Entrance Examination, 

A lantern slide is placed six inches behind the projection lens of a 
lantern. The screen is twenty feet from the lens. What must be the focal 
length of the lens to throw a distinct picture on the screen? 

Draw a diagram showing accurately the formation of the image. 





Solution by A. Bjorkland, Apleton, Wis. 
From the formula for lens we have, 
1 2 
6 | 20 « 
from which «, the focal length, equals 5.85 inches. 


112. From an Entrance Examination of Massachusetts Institute of Tech- 
nology. 
A beam 40 feet long rests upon two supports 20 feet apart. Where must 
the supports be placed so that one will carry twice as much weight as the 
other? 


Solution by A. Bjorkland. 


If we assume the center of gravity to be at the middle of the beam, then 
this point divides the 20 feet between the supports into distances having the 
ratio of 1 :2 or 6.67 : 13.33. Hence the supports must be placed 6.67 and 
13.33 feet distant from the middle of the beam. 


113. From the same. 

A freely falling body passes over 176.4 meters while its velocity 
increases from zero to 58.8 meters per second. How long is it in falling? 
What acceleration does it have? 


Solution by H. C. McMillin, Washington, Kans. Also Solved by A. 
Bjorkland. 


The velocity and position of a body falling freely from rest are given by 
at , , , 
(1) S=-—- (2) V = at, in which a denotes the constant accelera 
tion, S the distance moved, ¢ the time and V the final velocity. 


vt 


Eliminating a between (1) and (2) S = : 





Substituting values of V and S, ¢ = 6 seconds. 
Substituting values of v and ¢ in (2) a = 980 cm. per second per second. 

















MAGIC NUMBER CARDS 


A PROOF OF THE PYTHAGOREAN THEOREM. 


By Henry Harrie, 
Student in North High School, Minneapolis, Minn. 


Let a, b and c denote the three sides of a right triangle ABC; r the 
radius and O the center of the inscribed circle; and E, F and D the points 
of tangency on a, b and c, respectively. 

The area of the triangle is equal to 4 ab. It is also equal to $r(a+b+c), 
because it is equal to the sum of the areas of the triangles AOB, AOC and 
BOC. 

Therefore a+b-+c = ab/r. 

But a+b = c+2r because AD = AF, BD = BE and EC+CF = 2r. 

Therefore a+b—c = 2r. 

Multiplying together equations (1) and (2), 

a’-+2ab-+-b*—c? = 2ab, 
or a+b = -’. G. EL 

(This is a variation of the thirty-first proof in “Sechsundvierzig Beweise 
des Pythagoreischen Lehrsatzes nebst Kurzen Biographischen Mitteilungen 
iiber Pythagores,” Jury Wipper, published by H. Barsdorf. Price M. 1.50. 
Math. Ed.) 


THE MAGIC NUMBER CARDS. 


By R. M. MatuHews, 
Riverside, California. 

In the “Magical Cabinets” which Santa Claus leaves for good boys at 
Christmas time there is frequently included a set of “Magic Number 
Cards.” This trick consists of six cards with certain of the numbers from 
1 to 63 printed on them as follows: 


1 17 33 49 2 18 34 50 4 20 36 §& 
3 19 35 51 3 19 35 513 5 21 37 =—«453 
5 21 37 8653 6 22 38 54 6 22 38 54 
OS i a T @ FF 55 aaa ae 
9 2 41 57 10060626 Ci‘xetC«*SGSS 12 28 414 86 
11 2% 43 59 11 27 48 £4359 13 29 45 £«6F 
3s @ 44 61 14 30 46 62 14 30 46 6 
15 31 47 663 1 863] 7 63 1S 31 47 63 
8 24 40 56 16 24 48 56 32 40 48 56 
9 25 41 57 17 25 49 57 33. —Cé«4z7 49 57 
10 26 42 58 18 26 50 58 34. 4 50 £58 
i: a 59 19 27 51 59 35 43 51 59 
12 28 44 60 20 28 528 «60 36 44 52 60 
3 29 4 = 6i1 21 20 #6538 (G61 37 4 SS GI 
14 360 46 = 6&2 22 30 54 62 38 46 54 62 
15 31 47 63 23 0= 31 55s 63 39 47 55 63 


The young magician asks you to think of a number between 1 and 63 
and then presents these cards one at a time with the request that you igdi- 
cate whether your number is on each card. This done he at once declares 
the number of which you thought. 

This being a trick with numbers it is “up to” the student of mathematics 
to explain. The solution is a simple bit of “higher mathematics,” the prin- 
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ciple being the representation of integers on the binary scale. Inspection 
shows that the first number on each card is one of the powers of 2 from 
0 to 5. Now, every integer less than 64 can be represented as a sum of 
certain of these powers of 2. To prepare the cards, we determine such a 
combination for each number and then place that number on each of the 
cards bearing one of the powers concerned. Thus, 19 = 2*+2'+2° and 
so 19 is placed on cards with indices 1, 2 and 16. 

To work the trick the performer notes mentally the index on each card 
which you say bears your number, and the sum of these indices is the 
number thought of. 

Once the principle has been found some extensions are easy. Thus by 
adding a seventh card for 64 = 2°. The range can be increased to include 
any number from 1 to 127. 

Again, on choosing 3 instead of 2 as base a new set of cards can be 
made. Here, however two cards will be needed for each power of 3; one 
for once and one for twice that power. The following is the set for 
numbers from 1 to 26: 


1-3° 2-3° 1-3' 2-3' 1-3* 2-3? 

1 2 3 6 9 18 
4 5 4 7 10 19 
7 8 5 8 11 20 
10 11 12 15 12 21 
13 14 13 16 13 22 
16 17 14 17 14 22 
19 2 21 24 15 2 
22 23 22 25 16 25 

25 2 23 2 7 26 


A TRICK WITH CARDS. 


By R. M,. MatHews, 
Riverside, California. 


The performer presents the company with a pack of playing cards and 
instructs them to make, in his absence, as many piles as they please as fol- 
lows: The spots on the bottom card plus the number of other cards shall 
make 12. Thus, if the bottom card is 8 then four other abritrary cards are 
to be laid on it to make up the pile. Every face card is to count as 11. The 
number of piles and the bottom card of each pile are arbitrary. On return- 
ing the performer receives the remaining cards and at once tells the sum 
of the spots on the bottom cards of the piles. What is the formula for 
performing this trick? 

Let s denote the required surn of the spots, n the number of piles, and r 
the number of cards left over. In each pile the number of spots on the 
bottom card plus the number of cards (bottom card included) is 13. So 

13n-+-r = s+52 
§ = 13(n—4)-++4. 

To conceal the fact that he must count the remainder the performer re- 
sorts to various devices, such as: requesting one of the company to sur- 
round the piles with a “magic circle” of the remaining cards, or to deal out 
the remainder to the piles. 
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BASED ON SCIENTIFIC WORK. 


Notwithstanding the growth in recent years of the work of the Geological 
Survey along practical economic lines, scientific work has not been neg- 
lected, according to the annual report of the Director for last year: In 
fact, in the Survey the scientific investigations are inseparable from the 
economic work, though the one or the other may predominate in purpose 
according to the needs of the particular research in hand. In any field 
economic work of the highest rank is impossible without full knowledge 
of the scientific laws and principles pertaining to the subject of 
the work; but as there is no application of geology which 
does not involve unsolved problems, some of them of the highest 
importance, the best knowledge available is nevertheless relative. It thus 
follows that the broad and searching observations which should accom- 
pany every piece of good economic work comprehend data that are event- 
ually combined in the construction of new scientific hypotheses, some of 
which, as more observations accumulate, grow into established laws or 
principles that are in turn of the greatest practical consequence. Thus the 
detailed studies of the metalliferous deposits in one region or another 
bring to iight evidence from which to determine the genesis of the ores 
and the modes or conditions of-their occurrence, and- the economic inquiry 
becomes more intelligent and successful when once this new principle re- 
garding the mode of an ore occurrence is understood 





INCOMES OF STATE COLLEGES. 


A total working income of approximately $35,000,000 was received by 
87 State universities and other State-aided institutions of higher educa- 
tion during the past year, as shown by a bulletin just issued by the United 
States Bureau of Education. Of this amount the United States Govern- 
ment contributed about $5,000,000 and the State $18,000,000. Most of 
these institutions do not have large endowment funds, as many private 
colleges and universities have, but their regular current income from pub- 
lic appropriations represents a definite capitalization of about $400,000,000. 

The year’s income passed the two million mark in the case of three 
State universities. The University of Illinois had an income during 1911- 
12 of $2,363,711; the University of Minnesota, $2,682,499; and the Uni- 
versity of Wisconsin $2,122,297. Cornell University, Ithaca, N. Y. which is 
technically a private institution but receives State and Federal aid, re- 
ported total receipts of over three million dollars with a net income avail- 
able for current expenses of about a million and a half. 

Several other State-aided institutions are in the million-dollar income 
class. These include the University of Michigan, which had an income 
of $1,343,057; Ohio State University, with $1,011,571; and the University 
of California, with $1,711,393. The latter had an additional half million 
from private benefactions. The State of Iowa supports several institu- 
tions of college and university rank with a combined income of over two 
million dollars. 

Some of the States are exceedingly generous to their colleges and 
universities, and in such cases the National Government’s contribution is 
only a small fraction of the total. Illinois meets the Government’s $80,000 
with nearly two million dollars from State funds, and there are several 
other States that are similarly open-handed. Most of the States give to 
higher education a greater sum than they receive from the United States 
Government. 
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On the other hand, a few States depend to a considerable extent upon 
Uncle Sam’s bounty. The State of Delaware provided $22,000 last year 
for Delaware College, to accompany the $70,000 received from Federal 
funds; in Maryland the State itself furnished $36,000 for the Agricultural 
College, against $80,000 received from the Federal Government; New 
Hampshire's contribution to the State college was $20,955; and the State 
of Vermont gave only $26,000 out of a total income of $277,815 reported 
by the State University, while $80,000 was derived from the United States 
Government and $60,958 from private benefactions. 

In some of the larger State-aided universities, tuition fees from students 
have become an important factor in the annual income; and others that 
are to a certain extent public institutions have private benefactions that 
yield a permanent working revenue. Thus the University of Vermont 
has considerable endowment; Massachusetts Institute of Technology, 
though aided somewhat by State and National Government, depends for 
the bulk of its income upon the students’ fees and private funds; and 
Cornell University received nearly half a million from each of three 
sources, namely, students’ fees, productive funds, and State appropriations. 


ANNUAL MEETING OF THE CENTRAL ASSOCIATION OF 
SCIENCE AND MATHEMATICS TEACHERS. 


The next annual meeting of the Central Association of Science and 
Mathematics Teachers will be held at Des Moines, lowa November 28th 
and 29th. 

Plans for the meeting are now perfected. And what will prove to be 
one of the best programs in the history of the Association has been ar- 
ranged. It is practical. It deals with some of the foremost problems relat- 
ing to the teaching of science and mathematics of the present time, and 
among the speakers are many of the ablest and most prominent teachers of 
the county. 

The vocational aspects of education as related to the teaching of the 
various sciences and mathematics in the secondary schools especially and 
im the colleges are to be the objects of a large portion of the discussions 
at the general sessions and in the meetings of the five sections of the 
Association. 

Dr. Florian Cajori, Colorado College, Colorado, known throughout the 
scientific world for his writings on the history of mathematics, the history 
of science, etc., will give an address at the general session November 28th, 
on “Science and Mathematics in Vocational Schools; a Retrospect.” At 
the same session Dr. Otis W. Caldwell, Dean of University College, Uni- 
versity of Chicago, will give an address on “Science and the Changing 
Ideals of Education.” 

The following programs of the Mathematics Section will give an idea of 
the character of the programs of all the sections. 


Fripay, NovEMBER 28TH, 1:30 P. M. 

Report of Committee on Vocational Mathematics—R. L. Short, West 
Technical High School, Cleveland, Ohio. 

Discussion of the Report from the Points of View of: 

1. The College and College Preparation—W. A. Smith, University of 
Towa. . 

2. The General High School—W. Lee Jordan, High School, Des 
Moines, Iowa. 

8. The Industrial or Technical School~W. G. Swartz. Director of In- 
dustrial Mathematics, Gary, Ind. 
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Five-minute Reports from Various Schools Where Work has been 
Done along the Lines of Vocational Mathematics : 

1, H. L. Terry, State High School Inspector, Madison, Wis. 

2. Perry D. Smith, Francis W. Parker School, Chicago. 

3. A. W. Cavanaugh, Lewis Institute, Chicago. 

4. Miss M. A. Lynch, McKinley High School, St. Louis, Mo 

General Discussion and Action on the Report. 

SATURDAY, NOVEMBER 29TH, 10 A. M. 

Report of Committee on Examinations and Results—C. E. Comstock, 
Bradley Polytechnic Institute, Peoria, III. 

The Traditional Examination in Mathematics—Miss Jane V. Pollock, 
New Trier High School, Kenilworth, III. 

Means of Measuring Mathematical Abilities—Dr. Florian Cajori, Colo- 
rado College, Colo. 

General Discussion and Action on the Report 

There are five sections of the Association: The Mathematics Section, 
Biology Section, Chemigtry Section, Earth Science Section, and Physics 
Section. Each has a program similar to the above. 

Dr. Rollin D. Salisbury, Professor of Geography, University of Chicago, 
will give a popular illustrated address the evening of November 28th, on 
“In and About Patagonia.” Dr. Salisbury, who is one of the greatest 
geographers of the world, spent a great part of last year in this South 
American country. 

Every teacher of science or mathematics who can arrange to go to Des 
Moines at the Thanksgiving recess should make plans now to attend 
the meeting. 


NEW YORK STATE SCIENCE TEACHERS ASSOCIATION. 


This association will hold its annual meeting in the Central High School, 
Syracuse, N. Y., on December 29, 30 and 31. A most interesting program 
has been prepared, just that kind which progressive teachers enjoy and 
which puts new life into the selfsatisfied. All science in New York State 
should plan to be in attendance. Write the Secretary, Ernest F. Conway, 
Central High School, Syracuse, for information 
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PROBLEM DEPARTMENT. 


By E. L. Brown, 
Principal North Side High School, Denver, Colo 


Readers of this magazine are invited to send solutions of the problems 
in which they are intcrested. Problems and solutions will be duly credite 
to their authors. Address all communications to E. L. Brown, 3435 Al- 


cott Street, Denver, Colo. 


Algebra. 





350. Proposed by H. E. Trefethen, Waterville, Maine. 
Find the value of 2(V—1)*V~ correct to four decimal places 


I. Solution by E. B. Escott, Ann Arbor, Mich. 





r . . T . T ° . 
V—l=1 = cos (4n-+-1)->-++ sin (4n-4 1) - »where n is any integer 
5..* oo 5 
e *\8 oT ° . om 
Therefore, 2(i)** 2}cos (4n+1)-——-+4 sin (4n+1)— 
Since e* = cos #i+i sin +i, 
(ane 7 
we have 2°‘ = 2E 3 . 
Since n may be any integer positive or negative, the expression has an 
infinite number of values. If m 0 
3m 
21°" 2E 2 017966 
Il. Solution by Harry Roeser, Stillwater, Okla., and A. M. Harding 
Fayetteville, Ark. 
Let « = 2°. Putting ix for x in the exponential series, 
2 3 
F = 1454 = 4-4 
€ 7° ©) 9}! 
~ , 
2 4 x 3 J. 
: ; , x a A a 1 \ 
We obtain e* I se .4 i(a , , ) 
2 t 6 \ 3 5 7 
cos ++i sin * 1) 
TT 
In (1) put « = -—and we obtain 
ri 
° . vl 
t—e?- or Logi =—-> 
2 
Now Log x Log 2+31 Log i .69315—4.71239 1.01924 
Therefore + 017966. 


III. Solution by T. M. Blakslee, Ames, Iowa. 
On page 107 Hayward’s Vector Algebra we have 


At =i where A = 4.810475 
Therefore A~* = 1/1 i and 7 A-P =A 
Hence 27°‘ = 2A 9.620950 


Remark by Editor. The result in Solution III is not included in the 
infinite number of values given by Solution I. However, if in Solution | 


. P . w , T 
we write —1 = cos (4n--1) —- —1 sin (4n-+-1) 2 ’ 
we have 2° = 2(7)* = 2(—4)* = 2e*™* 

(4"+1) 7 rT 
When n = 0, 2e 2 “= 2e 2 = 9.62095. 


In Solution III we have A‘ = i. 
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Now raise each member of this equation to power 3i. 


Then A~* 
e e 
Therefore 27° = — = —————_,, = _ 01796. 
es A? (48104...) ; 


351. Proposed by F. Gilman, Boston, Mass. 

A fancier had a number of rabbits which he disposed of at m auction 
sales. At the first sale he sold one-half of all the rabbits plus one-half of 
one rabbit. At the second sale he sold one-half of all the remaining 
rabbits plus one-half of one rabbit. He continued to do this at m succes- 
sive sales and at each sale he sold only whole rabbits. After the nth sale 
he had only one rabbit left. How many did he have at the beginning? 

I. Solution by Walter C. Eells, Tacoma, Wash., and Elmer Schuyler, 


Brooklyn, N.Y. 





Just before nth sale he had 2(1+3) = 3 = 2*—1 rabbits. 

Just before (n—1)th sale he had 2[2(1+3)+4] — 7 = 2*—1 rabbits. 
Just before [n—(n—1)]th sale he had 2""°—1 rabbits 

.. he had (2’ 1) rabbits in the beginning 


II. Solution by Florence Rothermel, Philadelphia, Pa., and George Yale 
Sosnow, Newark, N. J 


Let + = number of rabbits he had at first. 
# 1 r+! . . 
aie sire - number he sold first time 
1 1 ‘ . . 
— number left after first sale 
x—!1 l 1 l : 
number sold second time 
4 4 } 
x-—1 r+-1 r—3 . P 
= = number left after second sale. 
r—3 1 ’ l ; , 
number sold third time. 
8 2 8 
1 x r—7 . , : 
number left after third sale. 
4 ~ s 
r-+-1 . 
= number sold nth time. 
v—(3"—1) 
—% - number left after nth sale. 
x—(2"—1) 
Hence on = 1 
= +2%-1 = 2°"—1. 


Geometry. 


352. Proposed by Elmer Schuyler, Brooklyn, N. Y. 
Construct a right triangle having given the hypotenuse and the bisector 
of the right angle. 


Solution by A. M. Harding, Fayetteville, Ark., and G. I. Hopkins, Man- 


chester, N. H., 

Suppose the problem solved. Let ABC be triangle having A a right angle. 
The bisectors, internal and external, of the ZA pass through the ends 
of the diameter of the circumcircle which is 1 to BC. Call these points 
D and E, A and E being on same side of BC. Suppose BC divides AD 
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into two parts p and gq where q is the given bisector and Pp is to be found 
BC . 7 ; 
Let r = —* From similar triangles 
+ ( y - 
era r PP +pq = 2”. 
2r p 
| 2 
@ ., lo? 7) “ 
pq =—2 + Jor+ (2 

Hence the construction: 

In a circle of diameter equal to the given hypotenuse place two diameters 
BC and ED at right angles. Make BF 1 to BD and equal to 4 g. About 
F as a center describe a circle through B cutting DF in Gand H. Arcs with 
D as center and DG and DH for radii cut the circle BEC in points which 
with B and C form solutions of the given problem 

Note by Mr. Harding. If angle A is not a right angle the same con 
struction may be used. Of course BC is no longer a diameter but arc 
BDC must be constructed so as to contain the given angle. 


353. Proposed by Nelson L. Roray, Metuchen, N. J. 

In the triangle ABC three concurrent rays from the vertices A, B, C 
meet the opposite sides in D, E and F respectively. Prove that straight 
lines through D, E and F and the corresponding excenters are also con- 
current. 


Solution by Proposer 

Let ABC be the given triangle, the concurrent rays from A, B, and C 
intersect the opposite sides of the triangle in A,, B,, C,. P the ex-center 
opposite B, Q opposite A and R opposite C. PB, intersect RQ in P,,-QA, 
intersect RP in Q, and RC, intersect PQ in R,. 

From triangles with equal altitudes, etc., we easily get 

APP,Q APRR, “AR 00, OP, RQ, PR, 
ARR,OQ APOO, ARPP, P.R O,P RO (1) 

From triangles with an angle of one equal to an angle of the other etc., 
it is easily shown that: 
APP,Q_ APRR, ARQQ, AQA,C, a PBA ARC,B_RB QC PA (9) 
ARR,O A PQQ, ARPP, ABQA, APB,C ARC,A BQ CP AR * 

Since PB, RC, and QA are bisectors of angles B, C, and A, respectively, 
by Ceva’s Theorem, the right hand member of (2) equals 1; also from 
triangles with equal altitudes, etc., and Ceva’s Theorem the product of 
the last three ratios of the left hand member equals 1; that is, the left 
hand member of (1) equals 1 

QP, RO, PR, _ 
PR OP RO” 

And by the converses of Ceva’s Theorem PB, QA, and RC, are con- 

current. 


354. Proposed by L. E. Lunn, DeSmet, S. D. 

Given a circle with center O, and points P and Q, to construct a circle 
passing through P and Q and intersecting an arc of 6° on the given circle. 

Solution by I. L. Winckler, Cleveland, O., and D. J. da Silva, New 
York City. 

Construct the circle O’ passing through P and Q and tangent to the 
circle O. Let S be the point of tangency. Draw the common tangent 
through S. Let this tangent intersect any secant of O’ at R 

Construct the locus of the mid-point of the chord that has for its 
central angle the given angle. This locus is a circle concentric with O 
and with a radius equal to the perpendicular sect from O to the chord 
Construct the tangents from R to this focus. Where this tangent inter- 
sects the circumference of O will be the points where the required circle 
cuts the given circle, call them T and K. 








o> Cm NT 
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acres. 
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That T, K, P and Q are concyclic is evident from 
RT-RK = RS’? = RQ-RP. 
There are evidently two constructions possible. 
Trigonometry. 
355. Proposed by Nerman Anning, North Bend, B. C. 

A piece of property ABCDEF has equal frontages on two streets AB 
and DE. The corner between these streets is “rounded” by a circular 
arc BCD of 100 feet raditis and 80 degree central angle. The straight line 
boundaries FA and FE are at right angles to the streets and the area 
is one acre. Find AB. 


Solution by the Proposer. 

Produce AB to meet the line of symmetry of the figure in H and con- 
sider the right triangle FAH. It exceeds half an acre by the difference 
between the right triangle with legs 100’ and 100° tan 40° and the forty- 
degree sector of a circle of 100 foot radius. In square feet, 


AFAH 21780+-4 of 100° tan 40°—40/360x100'r. 
21780+-4195.5—3490.66 
22484.84 = 22485, nearly. 
gut AFAH = 4AHXFA 4AH? cot 40°. 
From these, AH’? = 44970 tan 40°. 
= 37734. 
And : AH = 194.25 feet. 
Now BH 100° tan 40 83.91 feet. 
Therefore AB = 110.34 feet. 
To check: 
C DEI the 80-degree sector plus the rectangle whose sides are AB 
and 1004+-(100+-AB cot 40°). 
80/360x31415.926+-110.34x (200+-110.34x1.19175 ) 43559.03. 


Credit for Solutions. 
350. Norman Anning, T. M. Blakslee, E. B. Escott, Philip Fitch, A. M 
7) 


Harding, Harry Roeser, Nelson L. Roray. ( (One incorrect 
solution. ) 

351. T. M. Blakslee (2 solutions), D. J. da Silva, Walter C. Eells, F. Gil- 
man, A. M. Harding, Thos. J. Leslie, Nelson L. Roray, Florence 
Rothermel, Elmer Schuyler, George Y. Sosnow, I. L. Winckler. 
(12) 

352. Norman Anning, D. J. daSilva (2 solutions), A. M. Harding, G. I. 
Hopkins, Anna H. Jones, H! C. McMillin, Nelson L. Roray, 
Elmer Schuyler, George Y. Sosnow, I. L. Winckler. (11) 

353. Norman Anning, Nelson L. Roray, Elmer Schuyler, I. L. Winckler, 
(4) 

354. Norman Anning, D. J. da Silva, Nelson L. Roray, Elmer Schuyler, 
I. L. Winckler. (5) 

355. Norman Anning, Walter C. Eells, Nelson L. Roray. (3) 

Total number of solutions, 42 


PROBLEMS FOR SOLUTION. 
Algebra. 
366. Proposed by C. A. Perrigo, Dodge, Kansas. 
Factor ab’—a’b-4 ac’—a'*c +-b¢ *— 5°. 
(From Hawkes, Luby, Touton’s Second Course in Algebra, page 30.) 
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367. Proposed by Nelson L. Roray, Metuchen, N. J. 
Find the least number that 32 divides with a remainder of 25, 25 divides 
with a remainder of 19, and 19 divides with a remainder of 11. 


368. Proposed by D. A. Lehman, Goshen, Indiana. 
Derive and prove a rule for multiplying two numbers, as 14x13, by the 
use of the table of twos only. 


Geometry. 


369. Proposed by Elmer Schuyler, Brooklyn, N. Y. 

Given the circle O, and the two points A and P without the circle 
Determine a point C on the circle such that the lines AC and BC make 
angles with the tangent to the circle at the point C. 


370. Proposed by Norman Anning, Chilliwack, B. C. 


A plane of unlimited extent is bedecked with uniform regular 12-gons 
packed as closely as possible. Compare the areas covered and uncovered. 


THE SECRET OF THE BIG TREES. 


In the days of the Prophet Elijah sore famine afflicted the land of 
Palestine. No rain fell, the brooks ran dry, and dire distress prevailed. 
“Go through the land,” said King Ahab to the Prophet Obadiah, “unto 
all the fountains of water and unto all the brooks; peradventure we may 
find grass and save the horses and the mules alive, that we lose not all 
the beasts.” When Obadiah went forth in search of forage he fell in 
with his chief, Elijah, and brought him to Ahab, who greeted him as the 
troubler of Israel. Then Elijah prayed for rain, according to the Bible 
story, and the famine was stayed. From this famine in Palestine, some 
870 years before Christ, to the forests of the Sierra Nevadas, in the 
twentieth century, is a far cry, but the connecting link between the past and 
the present, between the ancient East and the modern West, is found in 
the big trees of California, the huge species known as Sequoia Washing- 
toniana. 

In a publication entitled “The Secret of the Big Trees,” by Ellsworth 
Huntington, just placed on sale by the Superintendent of Documents, 
Washington, D. C., it is shown that the growth rings in the big trees of 
California indicate that in general the same sequence of climatic changes 
took place in California and Asia Minor. Curves indicating climatic 
conditions in California and Asia Minor show a remarkable resemblance 
between the two regions. The curves begin with the epoch of the Trojan 
War, about 1200 B.C There both curves dip very low indicating an epoch 
of sudden and severe desiccation. That particular period, historians tell 
us, was one of the most chaotic in all history. 

The famine in the days of Elijah appears in both curves. Apparently 
at that time the climate did not become extremely dry, nothing like so 
bad as it had been a few hundred years earlier during the twelfth century, 
but there was rather a distinct falling off in the amount of rainfall as 
compared with the uncommonly good conditions of the preceding century. 
About seven hundred years before Christ both curves stand high in the day 
when the Greeks were laying the foundation of their future greatness and 
the empires of Mesopotamia were at their height. Then comes a pro- 
nounced falling off, with a recovery three or four hundred years before 
Christ, another decline culminating about 200 B. C., and a recovery reaching 
a high point about 50 B. C. The time of Christ, the great era of universal 
peace under the sway of Rome, was apparently an epoch of favorable 
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climate, a time of abundant rain and consequent good crops in all the 
countries around the Mediterranean Sea and eastward in Asia, as well as 
in California. Next comes a long period of decline culminating six or 
seven centuries after the time of Christ. No period in all history, save 
that which centers about 1200 B. C., was more chaotic; and that early 
period also appears to have been a time of greatly diminished rainfall. 

This publication, which may be purchased from the Superintendent of 
Documents, Government Printing Office, for five cents, gives a detailed 
account of the reasons and the work that led to the conclusions given 
above. It also contains thirteen illustrations, showing the big trees in the 
Yosemite, Sequoia, and General Grant National Parks. 


MATHEMATICS SECTION OF THE CALIFORNIA HIGH 
SCHOOL TEACHERS ASSOCIATION. 


The mathematics section of the C. H. S. T. A. held two sessions during 
the Conference in Berkeley. On Tuesday, July 8th, the following papers 
were read: 

“Mathematical Troubles of the Freshman,” Prof. G. A. Miller, Univer- 
sity of Illinois. 

“A Broader Program for Advanced Mathematics in Secondary Schools, 
Dr. H. W. Stager, Junior College, Fresno, Cal . 

“Courses in Plane Surveying,” Prof. F. S. Foote, University of Cali- 
fornia. 

On Thursday, July 10th, the following papers were read: 

“Arithmetic in the Introductory High School,” Miss Thirmothis Brook- 
man. 

“Arithmetic and Bookkeeping of Everyday Life,” Mr. F. M. Powell, 
Dinuba. 

“The Irreducible Minimum in High School Mathematics,” Mr. C. M. 
Titus, University Farm, Davis. 

“Arithmetic and Savings,” Mr. F. L. Lipman, Vice President Wells 
Fargo Nevada National Bank. 

This program constituted a plea for greater emphasis in the high school 
upon the life arithmetic needed by the average pupil. 

A committee appointed to devise means of raising the standard of 
scholarship among the mathematics teachers in the state, recommended 
the formation of circles for the discussion and solution of problems, the 
study of some first class journal, also the study of “Mathematical Mono- 
graphs,” edited by J. W. A. Young. 

As a result of this recommendation, the study of two or more of these 
monographs is included among the subjects in which examinations will be 
given in the University Extension Department of the University of Cal- 
ifornia. 

Dr. Henry W. Stager of the Junior College at Fresno was elected 
president for the ensuing year. 


” 
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ARTICLES IN CURRENT PERIODICALS. 


American Forestry for October; r410 H. Street N. W., Washington, 
D. C.; $2.00 per year, 20 cents a copy: “The Quest of the Golden Treelet” 
(7 illustrations), Forrest Crissey; “The Forest Resources of Alabama” 
(19 illustrations), Roland M. Harper; “The Lumber Industry,” R. C. 
Bryant; “Some Results of Scientific Forestry” (6 illustrations), S. B. 
go “Pennsylvania State Forest Academy” (7 illustrations), George 

, irt. 

American Mathematical Monthly for October; H. E. Slaught, 5548 Ken- 
wood Ave., Chicago, Ill.; $2.00 per year; 25 cents a copy: “Mathematical 
Troubles of the Freshman,” G. A. Miller; “On the Solutions of Linear 
Equations having Small Determinants,” F. R. Moulton; “The Accuracy 
of Interpolation in a Five-Place Table of Logarithms of Sines,” A. M 
Kenyon and G. James; “A Theorem About Isogonal Conjugates,” D. F. 
Barrow; “Summer Meeting of the American Mathematical Society,” H 
E. Slaught; “Problems and Questions,” Remarks by the Managing Editor. 

Condor for July-August; Eagle Rock, Los Angeles County, Cal.; $1.50 
per year: “A Nest of the Dusky Horned Lark” (1 illustration), Clarence 
Hamilton Kennedy; “Sierra Storms and Birds,” F. S. Hanford; “An In- 
troduction to the Study of the Eggs of the North American Limicolz” 
(6 photos), R. W. Shufeldt; “With the Band-tailed Pigeon in San Diego 
County,” Laurence M. Huey; “The All-Day Test at Santa Barbara,” W. 
Leon Dawson. For September-October—‘A Revision of the California 
Forms of Pipilo maculatus Swainson, with Description of a New Sub- 
species” (1 rae fi H. S. Swarth; “Unusual Nesting Site of the Mallard” 
Peres O. J. Murie; “Call-Notes and Mannerisms of the Wren-tit,” 

innell 

Educational Psychology for September; Warwick and York, Baliimore, 
Md.; $1.50 per year, 20 cents a copy: “A preliminary Study of the Rela- 
tive Efficiency of Inductive and Detuctive Teaching of Logical Reasoning,” 
Felix Sachs; “Psychological Methods as Applied to Advertising,” Edward 
K. Strong, Jr.; “Correlation of Abilities as Affected by Practice,” H. L. 
— “Correlations Among Abilities in School Studies,” Daniel 
tarch. 

Journal of Geography for October; Madison, Wis.; $1.00 per year, 15 
cents a copy: “Russian Expansion and the Long Struggle for Open 
Ports,” Leonard O. Packard; “The Teaching of Geography in French 
Universities,” Lucien Gallois; “Some Significant Facts in the Geography of 
China,” G. B. Roorbach; “The Port of Shanghai,” George L. Collie. 

LEnseignement Mathématique for September; Stechert & Co., West 
25th Street, New York; 15 francs per year, 2 francs per copy: “Lecontenu 
du cercle et de la sphére,’ M. Edler von Leber; “Sur Tenseignement de la 
théorie des fonctions abéliennes,” M. Tikhomandritzky; “Sur Téquation 
fonctionelle f(4+y) = f(*)+f(y),” M. Fréchet; “Commission inter- 
nationale de Tenseignement mathematique Congrés de Paris; travaux 
préparatoires. Questionaires A et B publiés du Comité central,” H. Fehr. 

Nature-Study Review for October; Ithaca, N. Y.; $1.00 per year, 15 
cents a copy: “The Leaf-Portifolio as an Aid to Nature-Study,” Anna 
Botsford Comstock; “Field Work Records,” James G. Needham; “School 
Gardens in Idaho,” Mamie Lee Pollard; “A Collector's Experiences,” 
Clarence M. Waite; “How to Grow Some Common Moulds.” 

Photo-Era for October; 383 Boylston St., Boston; $1.50 per year; 15 
cents a copy: “Individuality in Portrait-Photography,” E. O. Hoppé; “A 
New Direct Carbon-Process,” J. L. Heinke; “The Art-Exhibit of the P. 
A. of A.,” David J. Cook; “Photographing Sunsets,” H. S. Grinleese; 
“A Camera-Trip in Southern Colorado,” Charles O. Axell; “A Panchro- 
matic Episode,” E. L. C. Morse. 

Physical Review for October ; Ithaca, N. Y.; $6.00 per year; 50 cents 
acopy: “Rotations in the Iron Arc,” W. G. Cady; “A Direct Method of 
Finding the Value of Materials as Sound Absorbers,” Hawley O. Taylor; 
“On Temperature and Surface Conditions which Affect the Positive Ioni- 
zation from Heated Platinum,” Charles Sheard and D. A. Woodbury; 
“The Reversible Adiabatic Expansion of Water,” J. R. Roebuck; “A 
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Determination of e/m and v by the Measurement of a Helix of Wehnelt 
Cathode Rays,” J. B. Nathanson; “A Practical Electrical Method of Meas- 
uring the Distance between Para‘lel Conducting Planes, with Application 
to the Question of the Existence of Electron Atmospheres,” F. C. Brown; 
“On Electromagnetic Induction,” S. J. Barnett; “The Photoelectric Proper- 
ties and Contact Resistances of Thin Cathode Films,” II., Otto Stuhlmann, 
Jr., and Karl T. Compton. 

Popular Astronomy for November; Northfield, Minn.; ; $3.00 per year; 15 
cents a copy: “Building an Inexpensive Observatory” (with Plate), 
Mortimer C. Merritt; “Entertaining Visitors,” W. F. Carothers; “Notes on 
Astronomers and Others,” Rev. Charles Caverno; “A Self-Setting Heliostat 
and Its Use in Experimental Optics,” Edison Pettit; “Irregularities in 
Atmospheric Refraction,” Frank Schlesinger; “A Note on Laplace’s first 
Approximation to the Mean Lunar Parallax,” Clarance Ohlendorf; “Star- 
gazing Beneath Alien Skies,” Rose O’Halloran; “Drawings of Jupiter 
in 1912,” Frederick C. Leonard. 

Popular Science Monthly for November; Garrison, N. Y.; $3.00 per 
year, 30 cents a copy: “The History of Dietetics,” Dr. John Benjamin 
Nichols; “The National Zodlogical Garden,” Dr. R. W. Shufeldt; “The 
Discovery of Contact Electrification,” Professor Fernando Sanford; “The 
Application of the Physiology of Color Vision in Modern Art,” Henry 
G. Keller and Professor J. J. R. Macleod; “The Petrified Forest of Missis- 
sippi,” Professor Calvin S. Brown; “How the Problems of the Rural 
Schools Are Being Met,” Mary A. Grupe; “The Increase of American 
Land Values,” Dr. Scott Nearing; “The Scientific Study of Child Develop- 
ment,” Professor James Burt Miner. 

School Review for October; University of Chicago Press; $1.50 per 
year; 20 a copy: “The Shifting School Population,” Walter A. Jessup; 
“Relative E ficiency of Public and Private Secondary Institutions,” George 
M. Potter; “First-Year Science in Illinois High Schools,” W. I. Eiken- 
berry. For November—“Do Too Many Students Fail?” C. R. Rounds and 
H. B. Kingsbury; “The Cumulative Examination in Mathematics,” Har- 
rison E. Webb. 

Psychological Clinic for October; Woodland Ave. and 36th St., Phil- 
adelphia, Pa.; $1.50 per year; 20 cents a copy: “How a Psychological 
Clinic Can Help a Special Class,” Arthur Holmes; “The Binet Tests 
Applied to Delinquent Girls, Margaret Otis; “Accuracy of Pupil Report- 
ing,” J. C. Lewis, K. J. Hoke, J. B. Welles, and G. M. Wilson. 

Zeitschrift fiir Mathematischen und Naturwissenschaftlichen Unterricht 
for September; B. G. Teubner, Leipzig; 12 numbers, 12 M.: “Ueber Kreis- 
und Kugelsegmente,” Rudolf Sturm ; “Die geometrische Deutung der 
Reihen von Taylor und MacLaurin,” F. Gauger; “Eine systematische 
Zusammenfassung merkwiirdiger Punkte im geradlinigen Dreieck,” With. 
Effenberger; “Ableitung des verallgemeinerten pythagoreischen Lehrsatzes 
und der heronischen Formel,” Dr. Rudolf Hunger; “Ergebnis beim 
bisherigen Unterricht in der Differential—und Integralrechnung in Gym- 
nasialoberprima,” Prof. Dr. A. Richter; “Ein bewegliches Modell zur 
Zentralperspektive,” Dr. Kaluza; “Zur Lehre von der Proportionalitat,” 
Prof. Josef Schlesinger; “Ueber die Schreibweise der Logarithmen,” Dr. 
Ernst Kochen; “Schriften des Deutschen Ausschusses fiir den mathema- 
tischen und naturwissenschaftlichen Unterricht,” W. Lietzmann; “Zur 
Geometrographie,” edited by K. Hagge. 

Zeitschrift fiir den Physikalischen und Chemischen Unterricht for Sep- 
tember; Verlang von Julius Springes in Berlin, W. 9 Link Sts. 23/24; 6 
numbers $2.88, M 12 per year: “Apparat zur induktiven Herleitung des 
elektromagnetischen Grundgesetzes,” Fr. C. G. Miller; “Ein Apparat zur 
Bestimmung von g durch den freien Fall,” P. Gehne; “Denk- und Rechen- 
aufgaben zur Himmelskunde,” P. Luckey; “Das Vakuumthermoelement 
als Strahlungsmesser,” W. Voege; “Zur Theorie des bewegten Spiegels,” 
Pyrkosch; “ Experimentelle Analyse der Kondensatorschwingungen,” K. 
Regner ; “Ein Thermoelement fiir die Grundversuche mit Thermostrémen,” 
W. Merkelbach; “Uber die Demonstration der Anziehung und Abstossung 
elekrischer Stréme,” St. Kalinowski; “Uber wandernde elektrische Entla- 
dungen,” H. Greinacher; “Die Bereitung von Phosphorwasserstoff beim 
Unterricht, nebst Bemerkungen iiber das Irrlicht,” H. Rebenstorff, 
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EDUCATIONAL ITEMS. 


Typical of the American zeal for attractive and well-equipped public 
high-school buildings is the splendid plant of the New Trier County 
High School at Kenilworth, Ill. A number of notable guests were present 
at the dedication exercises, including Dr. P. P. Claxton, United States 
Commissioner of Education. The buildings at Kenilworth are con- 
structed on the group plan. The auditorium, dining and dance hall, 
gymnasium, natatorium, and shop are all one story in height and con- 
sequently, it is believed “panic-proof.” The buildings were planned with 
the idea that they should serve as community centers as well as schoois. 
The school grounds cover sixteen acres. 

“There are no difficulties in the South that white men and black men, 
working together, can not settle,” said Booker T. Washington recently. 
“There is enough of wisdom, patience, Christianity, and common sense in 
the South to solve all the so-called race problems.” In his trip through 
Virginia Dr. Washington urged the negroes everywhere “to grasp the 
fundamental things of life; to get some land; build a good home; start 
a bank account; become reliable and progressive in labor; remain in the 
South on the land; keep out of Northern cities; economize time and 
money; draw the line hard and tight against loafers, gamblers, and drunk- 
ards; and get an education which fits for service.” 

How illiteracy is about to be banished from a Kentucky county through 
the “moonlight schools” is interestingly told in a statement by Mrs. Cora 
Wilson Stewart, superintendent of Rowan County, addressed to the United 
States Commissioner of Education. The school workers have on record 
the name, location, and history of every illiterate in the mountain county, 
and are able to make a special study of each individual case. One by one 
the illiterates are interested in the work of such schools as the “Moonlight 
School on Old House Creek”; in the past two years the thousand and 
more illiterates have been reduced to a few hundred: and it is believed 
that the last vestiges of illiteracy will be wiped out by the close of the 
present year. 

Under the direction of Mr. F. W. Robbins, superintendent of schools of 
Lebanon, Pa., a movement is on foot to transform the vacant lots in and 
about that city into flourishing gardens during the summer months through 
the aid of school boys. Suitable lots throughout the city will be selected. 
A competent supervisor will be appointed to have charge of the work and 
the parents of the boys will be requested to co-operate with the board 
in having the children attend regularly to their gardening as directed by 
the supervisor. Before the children can be enrolled it is required that 
they secure the consent of their parents. One hundred and eighty-nine 
boys between the ages of eight and fourteen years have expressed a desire 
to become gardeners during the summer. 

The state of Minnesota has engaged Dr. Ernest B. Hoag, a health ex- 
pert, to travel about the state and demonstrate to the citizens that rational 
conservation of the mental and physical health of children is possible 
and practicable with the means already at hand. Three plans are pro- 
posed: (1) Organization with a medical officer and a nurse or nurses: 
(2) organization with a school nurse or nurses only; (3) organization by 
the employment of a simple non-medical Health-Survey on the part of 
the teacher only. To make it possible for every community, however 
small, to possess the necessary technical knowledge, the state board of 
health will maintain at the state capital a “clearing house of information 
concerning child hygiene, medical supervision, the teaching of school 
hygiene, and the like.” 
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The chief truant officer of Milwaukee, Wis., recently announced to the 
principals: “Children can not be legally absent from school in order to 
assist in the home work, while washing is being done, to take care of 
sma:ler children, or for other work, during school time. Neither princi- 
pals, teachers, nor truant officers are empowered to grant dispensations 
for exemption from the requirements of the school-attendance law, It is, 
of course, not expected that school authorities will be harsh or unreason- 
able with reference to occasional absences for these purposes when such 
absences are necessary, but in any case where such absences recur or are 
frequent, or where there is reason to suspect that the excuse given is a 
subterfuge, principals should bring the matter at once to the attention of 
the chief truant officer. While avoiding unreasonable harshness, it is 
better to see that every case is attended to.” 

More than a million people took advantage of the “educational trains” 
sent through the rural districts last year by the state agricultural colleges 
of thirty-one states, according to figures compiled by F. B. Jenks, of the 
United States Bureau of Education. In this way the colleges have brought 
knowledge of improved methods of farming home to many who would 
probably never have been reached in any other way. The educational 
train usually consist of three to ten coaches, well supplied with exhibits 
and demonstration apparatus, and in charge of practical men who can 
talk interestingly on the farmer’s real problems. The stops made by 
these trains range from two hours to half a day. Four state colleges— 
those in Texas, California, Louisiana, and Oklahoma—report attendance 
at the stops of these educational trains of a hundred thousand or more 
during the season. The Oklahoma institution takes the opportunity to 
attach to the train a car containing moving-picture views of college 
activities, thus clearly attracting the attention of the farm boy to the 
possibilities of an education at the State College. 

The superintendent of schools of Cleveland, Ohio, writing of industrial 
schools in that city says: “There are industrial schools in Cleveland, no 
two of which can be said to be exactly alike. These seem to be justifying 
their existence. Boys and girls who have become discouraged because 
they were three or four years behind their proper grades have, in many 
instances, been encouraged by training along industrial lines to take a new 
interest in their academic studies. In a number of cases pupils have gone 
from these schools to high school and are doing creditable work. 
In our two technical high schools there is a variety of work offered. 
The courses in domestic science and art and applied art all lead to 
efficiency. By this I mean, the ability to earn a living. The same is true 
of the shop work and printing department. We are establishing something 
which seems to be rather unique at our West Technical High School in 
the way of an agricultural department. The keen and rapidly growing 
interest on the part of the urban population to get back to the land where 
each may be able to earn an independent living seems to justify this de- 
partment. Many of our teachers are taking courses in agriculture; some 
because they are interested in horticulture and agriculture on their own 
account and others because they see through this study the best possible 
way of learning to teach nature-study successfully. In this school we 
have established a restaurant as a part of the domestic science department. 
This department is self-supporting, and affords pupils an opportunity to 
study cookery in a practical way.” 
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BOOKS RECEIVED. 


New Standard Dictionary, by Isaac K. Funk, Editor-in-Chief, assisted by 
scores of specialists. Over 3000 Pages. Over 7000 illustrations. Com- 
plete in all details. Absolutely new from cover to cover. 24x30x14 cm. 
Full morocco. 1913. $30.00. Funk and Wagnolls Company, 354-60 Fourth 
Ave., New York City. 

Animal Communities in Temperate America, as Illustrated in the Chica- 
go Region, a Study in Animal Ecology, by Victor E. Selford, University 
of Chicago. Pages xiii+362. 17x25 cm. Cloth. 1913. $3.22. Postage 
paid. The University of Chicago Press. 

The Marking System in Theory and Practice, by I. E. Finkelstem, Cor- 
nell University. 88 pages. 13x20 cm. Cloth. 1913. $1.00. Warwick and 
York, Baltimore, Md. 

Trigonometry for School and Colleges by Frederick Anderegg, Oberlin 
College, and Edward D. Roe, Syracuse University. Pages ix+108. 12x19 
cm. Cloth. 1913. 75 cents. Ginn and Company, Boston. 

Physical Measurements by A. Wilmer Duff and Arthur W. Ewell, Wor- 
chester Polytechnique Institute. Pages xii+244. 14x21 cm. Cloth. 1913. 
$1.50 net. P. Blakiston’s Son and Company, Philadelphia. 

Algebra First Course, by Edith Long, High School, Lincoln, Nebraska, 
and W. C. Brenke, University of Nebraska. Pages viii+283. 13x19 cm. 
Cloth. 1913. $1.10 net. The Century Co., New York. 

The Freshman and His College, by Francis C. Lockwood, Allegheny Col- 
lege. Pages vii+156. 12x17 cm. Cloth. 1913. 80 cents. D. C. Heath 
and Company, Boston. 

Experiments Arranged for Students in General Chemistry, by Edgar F. 
Smith, University of Pennsylvania, and Harry F. Keller, Central High 
School, Philadelphia. Pages vii+56. Cloth. 1913. 60 cents net. P. 
Blakiston’s Son and Company, Philadelphia. 

Computing Tables and Mathematical Formulas, by E. H. Barker, Poly- 
technic High School, Los Angeles. 88 pages. 10x17.5 cm. Cloth. 1913 
75 cents. Ginn and Company, Boston. 

Arithmetic by Practice, by D. W. Werremeyer, Manual Training School, 
Fort Wayne, Ind. Pages v+80. 13x19 cm. Cloth. 1913. 50 cents net. 
The Century Co., New York. 

Tables and Formulas, by William R. Longley, Yale University. Pages 
v+31. 13x19cm. Cloth. 1913. 50 cents. Ginn and Company, Boston. 

Pocket Cyclopedia of Medicine and Surgery, by R. J. E. Scott, New 
York City. 9x16 cm. Leather. 1913. $1.00 net. P. Blakiston’s Son and 
Co., Philadelphia. 

Light Woodwork, by W. G. Alderton, Abbey School, St. Albans and J. T. 
Baily, Superintendent of Manual Training Pages vii+128. 14x2 cm 
Cloth. 1913. 90 cents net. Longmans, Green and Co., New York. 

Logarithmetic Reduction Tables, by Charles J. Moore, Harvard Universi- 
ty. Pages viii+78. 15x20 cm. Cloth. 1913. $1.00. Ginn and Co. Boston 

Astronomy a Popular Handbook, by Harold Jacoby, Columbia Universi- 
ty. Pages xiii+435. 15x22 cm. Cloth. 1913. $2.50 net. The Macmillan 
Company, New York. 

Electrical and Magnetic Calculations, by A. A. Atkinson, Ohio University. 
Pages x+310. 13x19 cm. Cloth. 1913. $1.50 net. D. Van Nostrand 
Company, 25 Park Place, New York. 

A Textbook on the Teaching of Arithmetic, by Alva W. Stamper, Nor- 
mal School, Chico, California. 284 pages 13x19 cm. Cloth. 1913 
American Book Company, Chicago. 

Advanced Algebra, by Joseph V. Collins, Normal School, Stevens Point, 
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Wis. Pages x+342. 13x19 cm. Cloth. 1913. American Book Company, 
Chicago. 

Plant Life and Plant Uses, by John G. Coulter. Pages xvi+464. 13x19 
em. Cloth. 1913. American Book Company, Chicago. 

Chemistry for Students of Agriculture and Technology, by J. W. Dodg 
son and J. A. Murray, University College, Reading. Pages x+-244, 13x19 
cm. Cloth. 1913. $1.10. Longmans, Green and Company, New York 

Memory, by Ewald Hering, University of Leipzig. 75 pages. 14x21 cm 
Cloth. 1913. Open Court Company, Chicago. 

Modern Problems of Biology, by Charles Sedgwick Minot, Harvard Uni- 
versity. Pages ix+124. 14.5x21 cm. Cloth. 1913. $1.25 net. P. Blakis 
ton’s Son and Company, Philadelphia. 

Farm Gas Engines, by C. F. Hirshfeld and T. C. Albricht, Cornell Uni 
versity. Pages vii+239. 14x20 cm. Cloth. 1913. $1.50 net. John Wiley 
and Sons, New York. 

Gas Power, by C. L. Hirshfeld and T. C. Albricht, Cornell University. 
Pages x+209. 14x20 cm. Cloth. 1913. $1.25 net. John Wiley and Sons 
New York. 

The Pupils’ Arithmetic, Book Five, by James C. Byrnes, Julia Richman, 
and John S. Roberts, of New City Schools. Pages viii+258+ix. 13x19 cm 
Cloth. 1913. The Macmillan Company, New York. 

A First Course in Algebra, by Frederick C. Kent, University of Okla 
homa. Pages vii+249+13. 13x19 cm. Cloth. 1913. Price, $1.00. Long 
mans, Green and Company, New York. 

Introduction to Biology, by Maurice A. Bigelow, Columbia University, 
and Anna N. Bigelow, Chapin School for Girls, New York. Pages ix+424 
13x19 cm. Cloth. 1913. $1.10. The Macmillan Company, New York 

1912 Annual Report of the Smithsonian Institution. Pages xii+780 
15x23.5 cm. Cloth. 1913. Government Printing Office 

Agricultural Drafting, by Charles B. Howe. Pages viii+63. 21x28 cm 
26 plates, 45 figures. Cloth. 1913. $1.25 net. John Wiley and Sons, New 
York. 

Loose Leaf Laboratory Manuals, Elementary Electrical Testing, by \ 
Kasapetoff, Cornell University. 25 Experiments. 

Technical Chemical Analysis, by R. H. D. Aungst, Pratt Institute. 19 
Experiments. 

Applied Mechanics, by John P. Kottcamp, Pratt Institute. 52 Experi 
ments. 

General Chemistry, by Charles M. Allen, Pratt Institute. 61 Exercises 

Farm Dairying, by C. Larsen, South Dakota State College. 67 Exercises 

All, 20.5x27 cm. Paper. 1913. John Wiley and Sons, New York. 


A CORRECTION. 

Under Education Notes and Comments in October was printed this 
paragraph: “Three-fourths of the teachers in Alabama are holding their 
first position. Only seven per cent of the teachers now employed have 
taught more than two years.” 

In Bulletin 33 of the State Department of Education is the following 
table : 

Tenure of Positions by Teachers in Alabama 


Holding present position first year..... Mubehe éudbkectsécnese er Gm 
Holding present position second year.. Sein bine ....17.4 per cent 
Holding present position third year............... See ss 
Holding present position longer than three years..... .+eee. 3.8 per cent 





ee ae se ee teak eearesd exeankie aun bE 100 per cent 
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ery country in Europe. Egypt, Liberia, Cape Colony, The Transvaal, 
Persia, Ceylon, India, China, Korea, Japan, Philippines, New Zealand, 
Australia, and Hawaii. 
Get Your Friends to Subscribe Now 











The following partial contents of SCHOOL SCIENCE AND MATHEMAT- 
ICS for November and December, 1912, gives one an idea of the character 
of the papers, with the authors and the institutions with which the 
authors are connected, which we are publishing each month: 


NOVEMBER. 

Laboratory Work in High School Geography—George D. Hubbard ......... 
Determination of Pole Strength of Magnets and the Earth’s Horizontal Com- 

ES, We. SI vnc cxdddecngdes50sd sannugdscdessceseaeeteeeeene 
An Experiment in Organizing a Course in General Science—E. D. Huntington 
Practical Physics in Private Schools for Girls—Elizabeth Duval Littell ...... 
Some Rock Analyses—Nicholas Knight ..........ccccccsccscccccscccsccecs 
Gems That Resemble the Diamond—F. B. Wade...................ccceceues 
An Experiment in the Teaching of Physics—H. C. Krenerick ............... 
The Teaching of Mathematics in the Middle Schools of Switzerland-—M. O. 


SEED case cedddedanth ouwhan s'eauanweh sea kan Onee canes beaker 
History of the Graph in Elementary Algebra in the United States—Emily G. 


OE eT er ee er ae 
Zee Catsipn Goptumn—Witllam BH. Lamb 2. .ccccccccccccccccccccssnccdcccves 
Reindeer Progress in Alaska—Lillian E. Zeh ..............ccccscccccccccecees 
ee DOCG Vee OOTIO FERMOEE oiic ck kc cicscccndcccdaswdvevsescabes 
Fifth International Congress of Mathematicians—J. W. A. Young ........... 
Time and Space—A Speculation—Arthur E. Haynes ..................00eees 


DECEMBER. 
A Syllabus of Solid Geometry Used in the Ethical Culture School—Matilda 


PEI. daw nt dia ko 0k eas. een ean chee thes acne 
Climatic Variations in California—James F. Chamberlain ................... 
Compound Harmonic Motion Apparatus—Cyril Ruhlmann ................ 
The Tangent Galvanometer in the High School Laboratory—C. L. Vestal.... 
Suggested Syllabus of High School Zo-ology—T. W. Galloway, Chairman .. 





The Yellow Butterfly Weed—Willard N. Clute .............ccececeeeesceeecs 
A Course in Chemistry for Household Science Students—]. F. Snell.......... 
nS, E. DE Sn cc dgvccca douctcendene cs eheaccacnoul 
Dee. Geese TL Same ..ncdeseecccaeucenduhstcaccenseeseul 
Send In Your Subscription $2.00 per Year 
SCHOOL SCIENCE and MATHEMATICS 
2059 East 72nd Place CHICAGO, ILLINOIS 
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BOOK REVIEWS. 


Advanced Algebra, by Jos. V. Collins, Professor of Mathematics, State 
Normal School, Stevens Point, Wis. Pages x+342. 14x19 cm. 1913. The 
American Book Company, New York. 

This book, arranged to follow a First Year Course, covers the ground 
of the usual freshman course in algebra in colleges of liberal arts and 
meets the requirements for entrance to technical schools. 

In Part I there is a rapid review of the first year high school algebra. 
Part II includes graphs, ratio and proportion, variation, angle functions, 
logarithms, arithmetical and geometrical progressions, annuities, mathemat- 
ical induction, inequalities, equivalent equations, and theory of quadratic 
equations and solution of higher equations, permutations and combinations, 
probability, determinants, limits, infinite series, undetermined coefficients, 
complex numbers, and graphs of higher equations. 

Like the other algebra texts of Professor Collins this volume is dis- 
tinguished by simplicity, clearness, and conciseness of treatment and by 
its practical applications. The historical notes and portraits of eminent 
mathematicians are valuable additions to a textbook of advanced algebra. 

H. E. C. 

Trigonometry, by Alfred M. Kenyon, Professor of Mathematics, Purdue 
University, and Louis Ingold, Assistant Professor of Mathematics, Uni- 
versity of Missouri Edited by Earle R. Hedrick. Pages xi+132+-142 
13x20 cm. Price $1.35. 1913. The Macmillan Company, New York. 

The student is introduced to the subject of trigometry by solving right 
triangles by the use of squared paper and by constructions and measure- 
ments. The meaning and use of the trigonometric ratios are made clear 
by a large number of problems and practical applications. The solution 
of oblique triangles using natural functions and logarithms precedes the 
derivation of the addition formulas, half-angle formulas, and so on 
Throughout the book the problems have a flavor of newness and reality 
that is refreshing. Brief presentation of principles, concise explanations 
and illustrations, the inclusion of such topics as vectors, forces, angular 
speed, graphical methods, uniform circular motion, and vibration make 
this book especially valuable for engineering students. 

The tables of constants, squares and square roots, cubes and cube roots, 
reciprocals, Naperian logarithms, four-place angle functions in degree 
and radian measure enable the student and shop man to solve problems 
with little loss of time. One would be safe in predicting that this book 
will have a wide use. a & G 
Plane Geometry, by Walter B. Ford, Junior Professor of Mathematics 

University of Michigan, and Charles Ammerman, William McKinley 

High School, St. Louis. Edited by Earle R. Hedrick. Pages ix+213+ 

XxXxi. 13x19 cm. Price 80 cents. 1913. The Macmillan Company, New 

York 

An introductory chapter of thirty-three pages gives the pupils a good 
start in constructions, drawing figures with ruler and compasses alone and 
with other instruments, and sketching figures. Moreover, the fundamental 
ideas of geometry are presented is such a concrete and simple way as to 
make them readily understood by the pupils. 

In the choice of theorems the authors have been guided by the Report 
of the Committee of Fifteen, and the important theorems are printed in 
bold-faced type. Teachers who emphasize these important theorems and 
make their pupils see how certain less important theorems lead up to them 
will increase the value of their instruction in geometry. Incommensurable 
quantities and limits are discussed in a very lucid manner; and the proofs 





Ready for the Spring Term 


Introduction to Botany 


By Joseph Y. Bergen and Otis W. Caldwell. 


The authors of “Practical Botany,” which is meeting the modern demands 
of the botany class with such marked success, have prepared a new textbook, 
“Introduction to Botany.” This is a distinctly elementary presentation, for 
half-year courses in high schools, of those features of plant life—educational, 
aesthetic, and economic—which are of interest to everyone. 

Abundant illustrations are taken from the common and significant aspects 
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the industries. The style is simple and direct and the point of view that of the 
uninformed beginning student. 

The botanical material presented is just that which should form a part of 
the mental background of every well-informed man and woman. 
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given for the incommensurable cases may be omitted by the teacher though 
it seems hardly necessary. 

Since the truth of various simple theorems is assumed, the pupils are 
saved considerable annoyance in proving statements that they feel need 
no proof. A noteworthy example of this is the assumption that the area 
of a rectangle equals the product of base and altitude. Each proportion 
is followed by several exercises, numerical, constructions, formal proof, 
and practical applications. The tables of angle functions and of powers 
and roots should give pupils the opportunity of learning good methods 
of computation. The arrangement of the proofs is excellent, the figures 
and diagrams are we'l drawn, and the book is beautifully printed 

Bn. =. ¢C 
Elementary Electrical Testing and Practical Measuring Apparatus 

48 pages. 14x5.23 cm. Paper. 1913. Weston Electrical Instrument 

Company, Newark, N. J 

This is a monograph gotten out, primarily, to 
physics teacher in closer touch with those pieces of apparatus which are 
actually used in the commercial world, to induce him to discard the use 
of that apparatus and material which cannot be used in a practical way 
and to convince him that he is not violating any of the rules and theory 
of sound pedagogy or modern efficiency in physics teaching by adopting 
modern methods. Too long have many teachers tried to build their course 
in electrical measurements around that, not very useful instrument for 
secondary pupils, the tangent galvanometer. Instrument of greater pre- 
Of course the 


assist in bringing the 


cision and a higher degree of efficiency should be used. 
monograph advocates the use of the Weston instruments in electrical work 
They are good instruments. Extra stress is placed on teaching the prac- 
tical side of electricity. Twenty very useful, instructive and fundamental 
experiments in clerical work are given and fully described. 
performed in all modern secondary school physics laboratories. The 
latter port of the pamphlet is devoted to a description of the Weston in- 
struments adapted to secondary school work. All physics instructors 
should possess a copy of this work. Send for it ao 
A'Text-Book of Physics in Three Volumes, by H. E. Hurst, Hertford 
College, Oxford, and R. T. Latley, Trinity College, Oxford. Vol. I 
Dynamics and Heat, pages viii+205. $1.25 net. Vol. II. Sound and 
Light, 177 pages. $1.25 net. Vol. III. Magnetism and Electricity. 258 
pages. $1.50 net. All 14x21 cm. Cloth. 1912. D. Van Nostrand 
Company, New York City 

A splendid work for college students and all persons engaged in teach 
ing. It covers the whole range of topics usually treated in a college text 
It is clearly and tersely written, so that one will not have occasion to mis- 
understand its statements. 

Throughout the book the simplest mathematics have been used within the 
limits of common sense and accuracy. There are hundreds of figures and 
illustrations used to help in making clear the text. These, on the whole, 
have been carefully selected and well executed, though there are many 
where more care and attention to details should have been used. There 
are 854 examples and problems scattered through the book which were 
taken from the Cambridge, Oxford and London Universities, and Civil 


Service Commission’s examinations 
g 


These are practical and to the point. All major paragraphs are § num 
bered, and topicilized in italic type. An index is given at the end of each 
volume, the subject to be located by § number and general topic 

Mechanically the books are well made, the press work excellent and 
paper of good quality. 
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The Teaching of Arithmetic, by David Eugene Smith. Pages v+196 
13x19 cm. Price $1.00. 1913. Ginn and Company, Boston. 

Though the opening chapter on the history of arithmetic is brief it 
should arouse the interest of the teacher in this important subject and 
lead to the reading of some of the books given in the list at the end of 
the chapter. At the close of fourteen chapters there are lists of books, 
which enables one to gain further acquaintance with many important 
phases of the teaching of arithmetic. The reasons for teaching arithmetic 
are discussed in the second chapter, and it contains much helpful material. 

The headings of the following chapters are: What Arithmetic Should 
Include; The Nature of the Problems; The Text-Book Method; Mental 
or Oral Arithmetic; Written Arithmetic; Children’s Analysis; Improve- 
ments in the Technique of Arithmetic; Certain Great Principles of Teach- 
ing Arithmetic; Subjects for Experiment; Interest and Effort; and Num- 
ber Games for Children. The remaining eight chapters discuss the work 
in arithmetic for each year of the grade school. 

The closing paragraph of the book may be quoted to show the pur- 
pose of the book. “Such are some of the problems in the teaching of 
arithmetic today. Many are solved and many still await solution and are 
occupying the attention of a large number of teachers. It is with the 
hope of suggesting some of the larger problems that this book is written, 
rather than with the desire to treat the minor details that are sufficiently 
discussed in any good text-book. If the work shall lead to sane experi- 
ment, to a conservative view of the reforms to be accomplished, and to 
a sympathy with the effort to improve the problems of arithmetic, it will 
have served its purpose.” . _* ax 
School Algebra, Book I, by George Wentworth and David Eugene Smith. 

Pages v+298. 14x19 cm. Price 90 cents. 1913. Ginn and Company, 

Boston. 

This book contains most of the material of the Academic Algebra 
which was reviewed in the October number of this journal. A more ex- 
tended treatment in some cases and the introduction of other topics gives 
a two-book arrangement covering the work of two years. oe te Se 
Plant and Animal Children, by Ellen Torrelle. Pages iv+230. 1912. D. 

C. Heath and Co., Boston. 

An attempt to tell the story of animal and plant reproduction for chil- 
dren, and on the whole rather successful. It is fortunately devoid of the 
fanciful misrepresentations that so commonly afflict this class of literature. 
However, the whole book makes a rather respectable course in botany and 
zoology and one wonders whether the child will be able to use the book to 
advantage much earlier than the time when he enters high school and pos- 
sibly takes up class work in zodlogy or botany. W. L. E. 
The Living Plant, by William F. Ganong, Professor of Botany in Smith 

College. Pages xii+478. 16.5x22.5 cm. Cloth. 1913. $3.50. Henry 

Holt and Co. 

It is unfortunately a rare thing for a scientific man of standing to 
write a popular work. Such works are commonly compiled by unscientific 
writers or at least by amateurs and are both incorrect and inadequate; 
and science fails to reach the common man for want of an interpreter. 
Professor Ganong has attempted to supply this need in the field of 
botany. He discusses those matters botanical which are likely to be sub- 
jects of interest to thinking people. The point of view is always phy- 
siological. The book is not a text-book nor is it a children’s book. It is 
adapted to persons of mature mind who cannot be specialists in botany but 
who are of catholic tastes and wish an introduction to the best thought on 
these subjects. 
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One of the most successful secondary texts now before the public, in 
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formity of high school books and that adopt a Chemistry. The new edition 
was put on the list of high school books recently selected in the Indiana state 
adoption. The Hessler-Smith Chemistry is used in a great many of our largest 
cities. 

It is not true that Chemistry can not be presented inductively to pupils 
in our high schools. The Hessler-Smith Chemistry has by its extended use 
proved that the inductive treatment makes the work far more valuable when 
with careful guidance and a judicious selection of exercises he is led to dis- 
cover facts and results for himself. 
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Many professional botanists will criticize certain points, such as the 
theory of purposive adaptation which is everywhere implied, and possibly 
with justice. However, that must not be allowed to weigh too heavily 
Against the much greater amount of undisputed material, the ac- 
curacy of the facts, and the clearness of the whole presentation. At any 
rate the non-botanical will find nowhere else such a clear and adequate 
introduction to the best scientific thought regarding the living plant. Bo- 
tanical science as well as the reading public owes a distinct debt to Pro- 
fessor Ganong. 7. ke oe 
High School Agriculture, by D. D. Mayne, University of Minnesota, and 

K. L. Hatch, University of Wisconsin. 432 pages. 13x19 cm. Cloth. 

1913. American Book Company, New York. 

The increasing interest in agriculture as a secondary school subject is re- 
flected in the number of text-books issued. The present text opens with 
a chapter on chemistry in which fourteen elements which are agricultural- 
ly important are discussed, and this is followed by a chapter on soils and 
fertilizers. As is usual in text-books of this class, the botanical phases 
of the subject are strongly represented, 140 pages being given to agricul- 
tural botany, economic plants, and fungous diseases of plants. Insects, 
farm animals, feeds and feeding, and farm management have each a 
chapter. 

The book is well written and adapted to high school pupils. The illus- 
trations are unusually good and sufficiently plentiful. Besides being a good 
text for classes in agriculture it will serve to suggest to teachers of botany 
methods of adopting botanical material to the interests of the pupils. 

é W. L. E. 
An Illustrated Flora of the Northern United States, Canada and the British 
Possessions, by Nathaniel L. Britton, Columbia University, and Hon. 
Addison Brown, New York Botanical Garden. In three volumes. 
Pages xxix+2052. 19x275 cm. Cloth. 1913. Charles Scribner’s 

Sons, New York. 

This is the second edition of the work and it has been considerably en- 
larged. It contains 4,666 species each of which is illustrated by a line 
drawing. The whole number of pages in the three volumes is 2,152. 

The unique character of the flora lies in the fact that all species are 
illustrated and this assists very much in certainty of identification, partic- 
ularly if’certain parts of the plant, such as the fruit, happen to be out 
of season when the collection is made. A considerable number of changes 
in scientific names have been made and there are many genera and species 
which bear different names from those given in Gray’s Manual. It is re- 
grettable that these two useful books could not be brought into closer 
agreement but in the present state of botanical nomenclature that is too 
much to expect. 

The illustrated Flora has come to be almost a necessity to the American 
botanist, and it is peculiarly useful to the teacher. W. L. E. 
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